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Richard Day, Ph.D.
Department of Biostatistics
University of Pittsburgh

1. Introduction

This Career Development Award (CDA) was specifically intended to support Dr. Day in
the development of a Health-Related Quality of Life Program (HRQL) for the National
Surgical Adjuvant Breast and Bowel Project (NSABP). Specific aims proposed for the
CDA included: (a) Design and implementation of new HRQL components for planned
NSABP treatment and prevention trials; (b) testing and implementation of data collection
methods to be used in treatment and prevention trials; (c) analysis of HRQL data
collected in the NSABP prevention and treatment trials; (d) refinement and extension of
HRQL methods to analyze the data from new treatment and prevention studies; (e)
enhancement of minority participation in NSABP trials. This is a final report on the work
completed under this CDA. The work completed over the period of Dr. Day’'s CDA will
be summarized in terms of above stated aims.




2. Body

2.1

2.2

Design and implementation of nhew HRQL breast cancer components for
planned NSABP treatment and prevention trials.

Summary of NSABP clinical trials protocols with Health-Related Quality of Life
(HRQL) components designed and implemented as part of Dr. Day's CDA:

Treatment Trials:

a. Protocol B23 - Study to Evaluate the Effect on Quality of Life of Adriamycin
Cyclophosphamide Therapy versus Cyclophosphamide, Methotrexate, and 5-
Flourourciil Therapy in Women with Axillary Node-Negative, Estrogen-
Receptor Negative Primary Invasive Breast Cancer

b. Protocol no. B-30 — A Three Arm Randomized Trial to Compare Adjuvant
Adriamycin and Cyclophosphamide Followed by Taxotere (A C-T); Adriamycin
and Taxotere (AT); and Adriamycin, Taxotere and Cyclophosphamide (ATC) in
Breast Cancer Patients with Positive Axillary Lymph Nodes.

c. Protocol no. B-32 — A Randomized, Phase Ill Clinical Trial to Compare

Sentinel Node Resection to Conventional Axillary Dissection in Clinically Node
Negative Breast Cancer Patients

d. Protocol no. B-33 — A Randomized, Placebo Controlled, Double-Blinded Trial
Evaluating the Effect of Exemestane in Stage | and I Post-Menopausal Breast
Cancer Patients Completing at least Five Years of Tamoxifen Therapy.

e. Protocol C-06 - A Clinical Trial Comparing Oral Uracil/Ftorafur (UFT) Plus
Leucovorin (LV) With 5-Fiuorouracil (5-FU) Plus LV In The Treatment Of
Patients With Stages Il And Il Carcinoma Of The Colon

f.  Protocol C-07 - Trial Comparing 5-Fluorourcil (5-FU) Plus Leucovorin(LV) and
Oxaliplatin with 5-FU Plus LV for the Treatment of Patients with Stages Il and
Il Carcinoma of the Colon.

Prevention Trials:

a. Protocol no. P-2 — Study of Tamoxifen and Raloxifene (STAR).

b. Protocol STAR-Cog - Effects of Selective Estrogen Receptor Modulators on
Cognitive Aging: A Study of Tamoxifen, Raloxifene and Cognition.

Testing and implementation of data collection methods to be used in
treatment and prevention trials

Operational Procedures to Reduce Missing and Delinquent HRQL Data — An




operational strategy for the reduction of missing and delinquent data was
developed and implemented at NSABP during Dr. Day’s CDA. Specific elements
of this strategy included: (1) The use of missing data forms; (2) the inclusion of
HRQL questionnaires in delinquency assessments; (3) periodic HRQL training
sessions at national meetings; and, (4) the routine notification of study coordinators
of scheduled HRQL examinations. Overall compliance rates for most HRQL
studies remains at or above approximately 70%.

2.3 Analysis of HRQL Data Collected in the NSABP Prevention and Treatment
Trials:

a. Peer Reviewed Papers (Appendix 1):

Day R, Ganz PA, Ganz, PA, Costantino JC., Cronin WM, Wickerham LA, Fisher
B. Health-Related Quality of Life in and Tamoxifen in Breast Cancer

Prevention: A Report from the NSABP Project P-1 Study. J Clin Oncology, 17,
1999, 2659-2669.

Day R, Ganz PA, Costantino JC. Tamoxifen and Depression: More Evidence
from the NSABP's Breast Cancer Prevention (P-1) Randomized Study. JNCI,
93, 2001 (in press, 7 Nov. 2001 issue).

Day R, Quality of life and tamoxifen in breast cancer: a summary of the findings

from the NSABP P-1 study. Annals of the New York Academy of Sciences (in
press).

Land S, Wieand S, Day R, Have T, Costantino J, Lang W, Ganz P.
Methodological issues in the analysis of quality of life data in clinical trials:
illustrations from the NSABP Breast Cancer Prevention Program. In: M.
Mesbah, B. Cole, M Lee (eds.), Statistical Design, Measurement and Analysis
of Health Related Quality of Life. Klewler Academic Publishers (in press).

Kiebert G, Wait S, Bernhard J, Bezjak A, Cella D, Day R, Houghton J,
Moinpiour C, Scott C, Stephens C. Practice and policy of measuring quality of
life and health economics in cancer clinical trials: a survey among cooperative
groups. Quality of Life Research 2000; 9(10):1073-80. (Appendix 4)

b. Submitted Papers:

Stephanie RL ,Kopec JA, Yothers G, Anderson S, Day R,Tang G, Ganz'PA,
Fisher B, Wolmark N., Health-Related Quality of Life in Axillary Node-Negative,
Estrogen Receptor-Negative Breast Cancer Patients Undergoing AC versus
CMF Chemotherapy: Findings from the National Adjuvant Breast and Bowel
Project B-23. Submitted to the Journal of Clinical Oncology.

Day R, Cella D, Ganz PA, Daly MB, Rowland J, Wolter J. Determining the Feasibility
and Usefulness of Microelectronic Adherence Monitoring Compared to Pill Counts




C.

d.

2.4

and Self-Reports in a Large, Multicenter Chemoprevention Trial. Submitted to
Controlled Clinical Trials (in revision).

Papers in Preperation:

Chang CH, Cella D, Ganz PA, Day R. Scaling symptoms relevant when using

hormonal therapies to prevent breast cancer: Results from the NSABP P-1
Study.

Data Presentations and Posters:

Day, R. Key Quality of Life Findings from the NSABP P-1 Breast Cancer
Prevention Trial. Paper presented at NIH Workshop on Selective Estrogen

Receptor Modulators (SERMs), April 26-28, 2000, Lister Hill Auditorium, NIH,
Bethesda, MD.

Day, R. Development of an Integrated Program of Health-Related Quality of Life
Research for the National Surgical Adjuvant Breast and Bowel Project. Poster

presented Department of Defense, BCRP Era of Hope Meeting, June 8-11, 2000,
Atlanta Hilton and Towers, Atlanta, GA.

Day, R. Does Tamoxifen Cause Depression? Paper presented at University of
Pittsburgh, Graduate School of Public Health Lecture Series, May 12, 2000.

University of Pittsburgh, Graduate School of Public Health, Pittsburgh, PA
(Appendix 3).

Day, R. Initial HRQL Findings from the NSABP B-23 Protocol. Presentation at the
NSABP National Meeting, June 12, 2000. New Orleans, LA.

Day, R. A Reviw of Health-Related Quality of Life Data from Phase Il Clinical Trials
of Fulvestrant and Other Hormonal Treatments

for Advanced Breast Cancer, Astra-Zeneca Workshop on Estrogen-Receptor
Downregulation. March 9-10, 2002 Sanibel Island, FL.

Refinement and extension of HRQL methods to analyze the data from new
treatment and prevention studies

The statistical and methodological techniques developed during this CDA were
utilized within the specific data analyses summarized in Section 2.3.a.:

Improved longitudinal methods for the investigation of changes in reported quality
of life were published in:

Day R, Ganz PA, Ganz, PA, Costantino JC., Cronin WM, Wickerham LA, Fisher
B. Health-Related Quality of Life in and Tamoxifen in Breast Cancer

Prevention: A Report from the NSABP Project P-1 Study. J Clin Oncology, 17,
1999, 2659-2669.




Day R, Ganz PA, Costantino JC. Tamoxifen and Depression: More Evidence
from the NSABP's Breast Cancer Prevention (P-1) Randomized Study. JNCI,
93, 2001 (in press, 7 Nov. 2001 issue).

™

Methodological developments in the imputation and estimation of missing data
were discussed and published in:

Day R, Ganz PA, Costantino JC. Tamoxifen and Depression: More Evidence
from the NSABP's Breast Cancer Prevention (P-1) Randomized Study. JNCI,
93, 2001 (in press, 7 Nov. 2001 issue).

Stephanie RL ,Kopec JA, Yothers G, Anderson S, Day R,Tang G, Ganz'PA,
Fisher B, Wolmark N., Health-Related Quality of Life in Axillary Node-Negative
Estrogen Receptor-Negative Breast Cancer Patients Undergoing AC versus
CMF Chemotherapy: Findings from the National Adjuvant Breast and Bowel
Project B-23. Submitted to the Journal of Clinical Oncology.

3

Land S, Wieand S, Day R, Have T, Costantino J, Lang W, Ganz P.
Methodological issues in the analysis of quality of life data in clinical trials:
illustrations from the NSABP Breast Cancer Prevention Program. In: M.
Mesbah, B. Cole, M Lee (eds.), Statistical Design, Measurement and Analysis
of Health Related Quality of Life. Klewler Academic Publishers (in press).

2.5 Enhancement of minority participation in NSABP trials and the implementation of
measures focusing on HRQL-related issues in women of color

Limited progress was made on this key aim over the course of Dr. Day’s CDA.
Collaborative work was carried out with NSABP HQ staff to insure participation of
minority women in the P-2, but no overall program focusing on increasing the
numbers of women of color participating in NSABP HRQOL trials could be
implemented. This objective also became part of the mandate of the new
Behavioral and Health Outcomes Committee which was established in 2001 under
the leadership of Dr. Patricia A Ganz.




3. Key Research Accomplishments

® Eight new NSABP treatment trials containing a Health-Related Quality of Life
component designed and implemented.

® Development of the current NSABP operational system for the reduction of
missing and delinquent data in NSABP HRQOL trials.

® Publication of five major peer-reviewed papers on NSABP HRQOL data, with
three additional manuscripts under submission to peer reviewed journals.

® Development of Behavior and Heath Outcomes Committee to steer future
HRQOL work at NSABP.




4. Reportable Outcomes

a. Peer Reviewed Papers:

Day R, Ganz PA, Ganz, PA, Costantino JC., Cronin WM, Wickerham LA, Fisher
B. Health-Related Quality of Life in and Tamoxifen in Breast Cancer

Prevention: A Report from the NSABP Project P-1 Study. J Clin Oncology, 17,
1999, 2659-2669.

Day R, Ganz PA, Costantino JC. Tamoxifen and Depression: More Evidence
from the NSABP's Breast Cancer Prevention (P-1) Randomized Study. JNCI,
93, 2001 (in press, 7 Nov. 2001 issue).

Day R, Quality of life and tamoxifen in breast cancer: a summary of the findings

from the NSABP P-1 study. Annals of the New York Academy of Sciences (in
press).

Land S, Wieand S, Day R, Have T, Costantino J, Lang W, Ganz P.
Methodological issues in the analysis of quality of life data in clinical trials:
illustrations from the NSABP Breast Cancer Prevention Program. In: M.
Mesbah, B. Cole, M Lee (eds.), Statistical Design, Measurement and Analysis
of Health Related Quality of Life. Klewler Academic Publishers (in press).

Kiebert G, Wait S, Bernhard J, Bezjak A, Cella D, Day R, Houghton J,
Moinpiour C, Scott C, Stephens C. Practice and policy of measuring quality of
life and health economics in cancer clinical trials: a survey among cooperative
groups. Quality of Life Research 2000; 9(10):1073-80. (Appendix 4)

b. Submitted Papers:

Stephanie RL ,Kopec JA, Yothers G, Anderson S, Day R, Tang G, Ganz'PA,
Fisher B, Wolmark N., Health-Related Quality of Life in Axillary Node-Negative,
Estrogen Receptor-Negative Breast Cancer Patients Undergoing AC versus
CMF Chemotherapy: Findings from the National Adjuvant Breast and Bowel
Project B-23. Submitted to the Journal of Clinical Oncology.

c. Data Presentations and Posters:

Day, R. Key Quality of Life Findings from the NSABP P-1 Breast Cancer
Prevention Trial. Paper presented at NIH Workshop on Selective Estrogen

Receptor Modulators (SERMSs), April 26-28, 2000, Lister Hill Auditorium, NIH
Bethesda, MD.

Day, R. Development of an Integrated Program of Health-Related Quality of Life
Research for the National Surgical Adjuvant Breast and Bowel Project. Poster

presented Department of Defense, BCRP Era of Hope Meeting, June 8-11, 2000,
Atlanta Hilton and Towers, Atlanta, GA.
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Day, R. Does Tamoxifen Cause Depression? Paper presented at University of
Pittsburgh, Graduate School of Public Health Lecture Series, May 12, 2000.

University of Pittsburgh, Graduate School of Public Health, Pittsburgh, PA
(Appendix 3).

Day, R. Initial HRQL Findings from the NSABP B-23 Protocol. Presentation at the
NSABP National Meeting, June 12, 2000. New Orleans, LA.

Day, R. A Reviw of Health-Related Quality of Life Data from Phase Il Clinical Trials
of Fulvestrant and Other Hormonal Treatments

for Advanced Breast Cancer, Astra-Zeneca Workshop on Estrogen-Receptor
Downregulation. March 9-10, 2002 Sanibel Island, FL.




Conclusion

When this Career Development Award was initiated, NSABP had little or no research
activities in the area of Health-Related Quality of Life (HRQOL) related to its treatment
trials. Over the course of this CDA, eight new NSAPB treatment protocols have been
designed and implemented that have a significant HRQOL component. In addition, a
complete operational structure has been designed and implemented for the handling of
HRQOL data and for the reduction of delinquent and missing data. During this period,
eight collaborative HRQOL papers have been written on NSABP data and five have
been published in peer reviewed journals. Recently, a new Behavior and Health
Outcome Committee has been established which will have responsibility for directing
future NSABP work in the HRQOL area. In summary, all of the major objectives
outlined in the original CDA application have been successfully completed, with the
exception of the further expansion of participation of women of color in NSABP HRQOL
studies. Hopefully, this last objective will be successfully addressed in future work.

Personnel Receiving pay from this grant:

Richard Day, Ph.D., Department of Biostatisitcis, University of Pittsburgh
Lisa Weissfield, Ph.D., Department of Biostatistics, University of Pittsburgh
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Publications in order of inclusion:

B. Health-Related Quality of Life in and Tamoxifen in Breast Cancer

Prevention: A Report from the NSABP Project P-1 Study. J Clin Oncology, 17,
1999, 2659-2669.

Day R, Ganz PA, Costantino JC. Tamoxifen and Depression: More Evidence
from the NSABP's Breast Cancer Prevention (P-1) Randomized Study. JNCI,
93, 2001 (in press, 7 Nov. 2001 issue).

Day R, Quality of life and tamoxifen in breast cancer: a summary of the findings

from the NSABP P-1 study. Annals of the New York Academy of Sciences (in
press).

Land S, Wieand S, Day R, Have T, Costantino J, Lang W, Ganz P.
Methodological issues in the analysis of quality of life data in clinical trials:
illustrations from the NSABP Breast Cancer Prevention Program. In: M.
Mesbah, B. Cole, M Lee (eds.), Statistical Design, Measurement and Analysis
of Health Related Quality of Life. Klewler Academic Publishers (in press).

Kiebert G, Wait S, Bernhard J, Bezjak A, Cella D, Day R, Houghton J,
Moinpiour C, Scott C, Stephens C. Practice and policy of measuring quality of
life and health economics in cancer clinical trials: a survey among cooperative
groups. Quality of Life Research 2000; 9(10):1073-80. (Appendix 4)

Stephanie RL ,Kopec JA, Yothers G, Anderson S, Day R,Tang G, Ganz' PA,
Fisher B, Wolmark N., Health-Related Quality of Life in Axillary Node-Negative,
Estrogen Receptor-Negative Breast Cancer Patients Undergoing AC versus
CMF Chemotherapy: Findings from the National Adjuvant Breast and Bowel
Project B-23. Submitted to the Journal of Clinical Oncology.

Day R, Cella D, Ganz PA, Daly MB, Rowland J, Wolter J. Determining the Feasibility
and Usefulness of Microelectronic Adherence Monitoring Compared to Pill Counts

and Self-Reports in a Large, Multicenter Chemoprevention Trial. Submitted to
Controlled Clinical Trials (in revision).

Chang CH, Cella D, Ganz PA, Day R. Scaling symptoms relevant when using

hormonal therapies to prevent breast cancer: Results from the NSABP P-1
Study.
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Health-Related Quality of Life and Tamoxifen in Breast
Cancer Prevention: A Report From the National Surgical
Adjuvant Breast and Bowel Project P-1 Study

By Richard Day, Patricia A. Ganz, Joseph P. Costantino, Walter M. Cronin, D. Lawrence Wickerham, and Bernard Fisher

Purpose: This is the initial report from the health-
related quality of life (HRQL) component of the National
Surgical Adjuvant Breast and Bowel Project Breast Can-
cer Prevention Trial. This report provides an overview of
HRQL findings, comparing tamoxifen and placebo
groups, and advice to clinicians counseling women
about the use of tamoxifen in a prevention setting.

Patients and Methods: This report covers the base-
line and the first 36 months of follow-up data on 11,064
women recruited over the first 24 months of the study.
Findings are presented from the Center for Epidemiologi-
cal Studies-Depression Scale (CES-D), the Medical Out-
comes Study 36-item Short Form Health Status Survey
(MOS SF-36) and sexual functioning scale, and a symp-
tom checklist. ‘

Results: No differences were found between pla-
cebo and tamoxifen groups for the proportion of partici-
pants scoring above a clinically significant level on the
CES-D. No differences were found between groups for

HIS IS THE INITIAL report of the findings from the
health-related quality of life (HRQL) component of

- the National Surgical Adjuvant Breast and Bowel Project

(NSABP) Breast Cancer Prevention Trial (P-1), a multicen-
ter, double-blinded, placebo-controlled clinical trial. The
purpose of this report is to provide a concise overview of the
P-1 HRQL findings and an assessment of the effects of
tamoxifen, when used as a preventative agent, on self-
reported symptoms and everyday physical, emotional, and
social functioning. Recommendations have been provided
that may be helpful to physicians involved in counseling
women considering the use of tamoxifen in the setting of
prevention.

The primary objective of the P-1 study was to evaluate
whether 5 years of tamoxifen therapy would reduce the
incidence of invasive breast cancer in women at an increased
risk for the disease. Secondary objectives were to assess the
incidence of ischemic heart disease, bone fractures, and
other events, such as depression, that might be associated
with the use of tamoxifen. Eligible participants were random-
ized either to 20 mg daily of tamoxifen or to a placebo for a
planned 5 years.

Detailed descriptions of the rationale, planning, and
design of the of the Breast Cancer Prevention Trial and the
HRQL component of the P-1 study, as well as specific
instruments, have been provided in separate reports.!3

the MOS 5F-36 summary physical and mental scores.
The mean number of symptoms reported was consis-
tently higher in the tamoxifen group and was associ-
ated with vasomotor and gynecologic symptoms. Signifi-
cant increases were found in the proportion of women
on tamoxifen reporting problems of sexual functioning
at a definite or serious level, although overall rates of
sexual activity remained similar.

Conclusion: Women need to be informed of the in-
creased frequency of vasomotor and gynecologic symp-
toms and problems of sexual functioning associated
with tamoxifen use. Weight gain and depression, two
clinical problems anecdotally associated with tamoxi-
fen treatment, were not increased in frequency in this
trial in healthy women, which is good news that also
needs to be communicated.

J Clin Oncol 17:2659-2669. © 1999 by American

. Society of Clinical Oncology.

PATIENTS AND METHODS
Participant Cohort and HRQL Data

This report covers the baseline HRQL examination and the first 36
months of follow-up data on 11,064 women recruited over the first 24
months (June 1, 1992, to May 31, 1994) of the study. This cohort of
women represents 82.6% of the total P-1 accrual (n = 13,388).
Restrictions were imposed on the initial HRQL report for two reasons.
First, by limiting our attention to this cohort of women, we avoided the
potential bias created by events beginning in March 1994,%5 which
resulted in a suspension of accrual to the P-1 study. Second, a focus on
the first 36 months of data collection permitted improved control over
types of missing HRQL data because all 11,064 participants should have
completed the eight scheduled examinations before the disclosure of the
results of the trial in the spring of 1998.

From the National Surgical Adjuvant Breast and Bowel Project
(NSABP) Operations and Biostatistical Centers, Pittsburgh, PA, and
Jonsson Comprehensive Cancer Center, University of California Los
Angeles, Los Angeles, CA. )

Submitted December 7, 1998; accepted April 22, 1999.

Supported by public health service grants from the National Cancer
Institute (NCI-U10-CA-37377/69974).and a career development award
from the Department of Defense (DAMD17-97-1-7058).

Address reprint requests to Richard Day, PhD, Department of
Biostatistics, Graduate School of Public Health, 130 DeSoto St
University of Pittsburgh, Pittsburgh, PA 15261; email rdfac@vms.
cis.pitt.edu.

© 1999 by American Society of Clinical Oncology.
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Instruments

The 104-item P-1 HRQL Questionnaire? was composed of the Center
for Epidemiological Studies—Depression Scale (CES-D, 20 items), the
Medical Outcomes Study (MOS) 36-Item Short Form Health Status
Survey (SF-36, 36 items), the MOS sexual functioning scale (five
items), and a symptom checklist (SCL, 43 items). The questionnaire
was scheduled to be administered to all participants before randomiza-
tion (baseline), at 3 months, at each succeeding 6-month examination
for the planned 5 years of treatment, and for 1 year after treatment was
completed.

Data Completeness

The P-1 study has multiple, complex levels of missing and incom-
plete data. In the case of self-administered instruments, such as the
HRQL questionnaire, participants could leave items blank by error or
because they did not wish to answer the question.S Beyond this, the
staffs of collaborating centers were generally unable to collect self-
administered instraments on participants who quit taking pills because
they no longer appeared for follow-up examinations, although many of
these participants can still be observed for primary end points (eg, breast
cancer and fractures). In addition, there are participants who did not
complete all of the scheduled follow-up HRQL questionnaires because
of the disclosure of the trial results in the spring of 1998,! although they
are still observed for primary end points. Finally, a small proportion of
participants (1.7%) were lost to follow-up, even for primary end points.

Statistical Analysis

The P-1 HRQL data set is composed of multiple HRQL instruments,
each with its own psychometric properties and research history.® This
complexity is magnified by the fact that data distributions and patterns
of missing data differ across the various instruments included in the
HRQL questionnaire. In addition, sample sizes are large, resulting in the
possibility of statistically significant findings for clinicaily negligible
effects. All of these considerations argue for future detailed analyses of
the data from each specific instrument. In this initial report, however,
our aims were essentially descriptive in nature and emphasized basic
comparisons of the two trial groups. In making these comparisons, we
seek to identify consistent differences, between the trial groups, using
simple nonparametric procedures. The sign test” is used to examine the
consistency of binary differences (%) between the two trial groups
across time, independent of the magnitude of these differences. A
one-sided alternative is routinely used because tamoxifen is expected to
have a negative effect on most short-term measures of HRQL.
Friedman’s test,” implemented as a generalization of the paired sign
test,® was used as a nonparametric analog to the two-way analysis of
variance when we wanted to block on 2 specific factor, such as age
group. Positive findings, with regard to consistent differences between
trial groups, were independently reviewed for magnitude to assess their
clinical and functional significance for the participants’ quality of life.

Clinical experience, as well as initial statistical investigations of the
P-1 HRQL data set, suggested that the age of the study participants was
a key factor contributing to the observed distribution of HRQL
measures. Hence, the results presented here from various HRQL
instruments were routinely stratified by three age groups (35 to 49 years,
50 to 59 years, and 60 years or older) that generally parafleled
menopausal status. Relative risks (RRs) or absolute differences in mean
counts are presented in the tables to estimate differences in effect size
between the two groups.

DAY ET AL

Imputation procedures for missing items in otherwise complete
scales were only used for eight SF-36 subscales, as recommended in the
SF-36 scoring manual® No data imputation was carried out for other
scales, and incomplete scales were considered missing.5

RESULTS

Table 1 lists the demographic, medical, and behavioral
characteristics of our participant cohort of 11,064 women by
trial group. These data show that the women in the P-1 study
were predominately white (96%), well educated 65% =
some college), married (70%), professional and technically
trained (68.2%), currently employed (64.9%), and reported a
middie- to upper-middie class family income (median,
$35,000t0 $49,999). None of the variables in Table 1 showa
striking imbalance between the two trial groups.

Figure 1 charts the overall proportion and total numbers
of women completing the HRQL questionnaire at each
examination. It provides a general measure of comparative
participant adherence with regard to the HRQL question-
naire in the two trial groups. Both trial groups showed a
consistent decline in HRQL adherence across the first 36
months of the study, averaging 4.2% per examination in the
placebo group and 4.6% per examination in the tamoxifen
group. The proportion of HRQL-adherent participants was
smaller in the tamoxifen than in the placebo group at every
one of the seven follow-up examinations (sign test, P =
.0078), with a maximum difference of 3.1% occurring at 36
months.

A number of demographic, clinical, and HRQL variables
were examined to investigate whether differences could be
detected between the women who failed to complete the
HRQL questionnaire at 36 months in the tamoxifen and the
placebo groups. These variables included mean age (tamoxi-
fen = 53.1 years v placebo = 53.5 years) and mean RR (5.42
v 5.43), treatment status (10.1% v 10.5% on treatment),
breast cancer in a first-degree relative (76.89% v 78.40%),
prior estrogen use (32.5% v 33.3%), mean maximum CES-D
score (12.52 v 12.46), and mean maximum number of
reported symptoms on the SCL (142 v 13.9). These
comparisons suggested that participants who failed to com-
plete the HRQL questionnaire in each group were similar
cohorts of women.

When, within 2 treatment group, the same variables were
used to compare HRQL adherent and nonadherent wonmen,
only the treatment status variable was different between the
two groups. A sigﬁiﬁcantiyj greater proportion of HRQL-
adherent women in both groups remained on treatment
(87.0% v 89.6%) compared with HRQL-nonadherent women
(10.1% v 10.5%). In other words, adherence in the HRQL
component of P-1 was largely a reflection of treatment
adherence. This was because most collaborating centers did
not have the staff resources to administer the HRQL
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Table 1. Demographic, Clinical, and Health Behavior Characteristics of P-1
HRQL Study Participants (N = 11,064}

Placebo Tomoxifen Total
No. of No. of : No. of
Charocteristic Patients % Patients % Patients %
Age, years
Mean = SD 5383 +9.147 5382x9184 5383x9.175
Median 52 52 52
Range 3579 3578 3579
Ethnicity
White 5290 9554 57282 9557 10,572 9555
_Hispanic 63 114 49 0.89 11z 1.01
Black 88 1.59 95 172 183 1.65
Asian 35 043 37 067 72 045
Other 47 084 32 071 86 0.78
Missing 14 025 25 045 39 035
Education
Grade school 61 1.0 6 119 127 1.5
Some high school 248 448 218 394 466 42
High school
graduate 1,003 1811 1,009 1826 2012 1819
Vocational school 593 1071 414 1111 1,207 109
Some college 1,180 21.31 1,194 2140 2,374 21.44
Associate degree 349 6.30 349 431 498 631
College graduate =~ 664 11.99 732 1324 1,396 12.62
Professional school 546 986 519 939 1,065 943
Master's degree 726 1311 684 1238 1,410 1274
Doctoraldegree  ~ 133 2.40 106 192 239 216
Missing 34 0461 3 045 70 043
Employment
Unemployed 239 432 229 414 468 423
Retfired 925 1671 938 1697 1,863 16.84
Full-fime home-
maker 660 1192 4670 1212 1,330 1202
Student 30 054 33 040 63 Q.57

Employedfull-ime 2,713 49.00 2,682 4853 5395 4874
Employed part-ime 880 1589 878 1589 1,758 1589

On medical leave 25 045 24 043 49 044
Permanently dis-
abled 51 092 47 085 98  0.89

Missing 14 025 26 047 40 036
Qccupation

Homemaker 849 1533 843 1525 1,692 1529

Professional 2207 39.86 2,188 3959 4,395 3972

Technical 1,573 2841 1,548 2801 3,121 28.21

Services 487 880 487 881 974 880

Operators 92 1.66 94 170 186 1.8

Other 315 549 341 617 4656 593

Missing : 14 025 26 047 40 036
Income .

Under $10,000 211 381 161 29 372 336

$10,000-$19,999 549 991 571 1033 1,120 10.12
$20,999-§34,999 1,127 2135 1,170 2117 2297 2076
$35,000-$49,999 936 1690 984 1780 1,920 17.35
$50,000-$74,999 1,153 2082 1,151 2083 2,304 20.82
$75,000-$99,000 511 923 478 845 989 894
$100,000 or more 564 1019 521 943 1,085 981
Unanswered 296 535 301 545 597 540
Missing 190 343 190 344 380 3.43°

2661

Table 1. Demographic, Clinical, and Health Behavior Characteristics of P-1
HRQL Study Participants (N = 11,064} {Cont'd)

Placebo Tomoxifen o Tordd
No. of No. of No. of
Characteristic Patients % Patients % Patients %
RR of breast cancer
1-2 416 7.51 416 753 832 752
2-3 929 1678 865 1545 1 794 1621
35 2074 3746 2,154 3897 4,228 3821
510 1618 2922 1405 2904 3,223 2913
10+ 500 9.03 487  8.81 987 8.92
1st degree relatives
w/breast cancer )
0 1,238 2236 1,191 21.56 2,429 2195
1 3239 5850 3,250 58.80 4,489 5845
2 903 16.31 902 1632 1,805 1631
=3 - 157 283 184 332 341 3.09
Marital status
Never married 398 719 394 713 792 7.1%
Presenfly married 3843 6941 3876 7043 7719 6977
Marriage-like 139 251 125 226 264 239
Diverced 748 13.51 707 1279 1,455 1315
Widowed 395 7.3 399 7.22 794 7.18
Unknown 0 0 1 002 1 00
Missing 14 0325 25 045 39 035
Smoking ‘
Smoked ot least
100 cigarettes in
lifetime 2697 4883 2729 4940 5470 5039
Smoked at least
100 cigareftes in
lifetime and cur- :
rently smoke 705 1276 712 1294 1,417 1285
Aleohol
Never use 1,138 2060 1,128 2050 2,266 20.55
Some days 4,129 7476 447 7537 8276 7507
Every day -256 4.44 227 413 483 438

Previousestrogenuse 1,171 3198 1,838 3325 3,409 3242
Both ovaries removed 797 14.39 813 1471 1,410 14355
Menstrual period

stopped 3,658 6606 3,485 66.67 7,343 4637

questionnaire via the telephone or mail to women who
stopped treatment and failed to appear for their scheduled
follow-up visits.

By the 36-month examination, 3,421 women had stopped
their assigned treatment and failed to fill out the HRQL
questionnaire for at least 6 months. Table 2 lists the primary
reasons these women gave for stopping treatment. The
placebo and tamoxifen groups did not differ with regard to
protocol-specified events, such;as invasive breast cancer,
depression, or deep vein thrombosis, or other medical
reasons, such as anxiety disorders or cardiovascular condi-
tions. Hot flashes were clearly the most frequently reported
sign or symptom that caused women to stop their assigned
treatment (251 women); they occurred most often in the
tamoxifen group (184 women). When stopping their as-
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signed treatment, participants in the placebo group were
more likely to cite other nonmedical reasons, such as fear of
side effects, change of mind, or desire to adopt an alternative
therapy (eg, hormone replacement).

Table 3 shows the proportion of P-1 participants, by age
group and examination, who scored above the most fre-
quently used clinical cutoff (= 16) on the CES-D.1011 The
youngest age group (35 to 49 yearsj in both trial groups
consistently had the highest proportion of members scoring
above the clinical cutoff, followed by the 50- to 59-year-old
age group (Friedman test, P = .001 tamoxifen and placebo).
The RRs listed in Table 3 show that, for all three age groups,
the magnitude of the differences is small, and there was no
consistent excess of participants in the tamoxifen group
scoring above the clinical cutoff on the CES-D when
compared with the placebo group. Similar findings with

Table 2. Reasons for Stopping Assigned Therapy by Participants
Not Completing Quality of Life Questionnaire
{Baseline to 36-Month Exami_m!imt‘ n = 3421}

Tamoxifen Placeba Total

Reason for Stopping No. of No. of No. of

Assigned Therapy Patients % Pafients % Patients %
Protocol specified event 164 91 154 94 318 9.3
Reported signs or symptoms 545 302 336 208 881 258
Other medical 342 189 280 173 422 182
Other nonmedical 753 417 842 521 1595 46.6
Unknown 2 01 3 02 5 01
Total 1806 528 1815 472 347 100.0

regard to the relationship between the two trial groups
emerged from the analysis of the five-item mental health
subscale on the MOS SF-36 {not shown).

The results of the SF-36 are summarized using the
physical compenent summary (PCS) and mental component
summary (MCS) scores'? and the eight SF-36 subscales. The
PCS and MCS scores represent aggregate measures that
combine data from the eight subscales generally reported on
the SF-36. The PCS aggregates data from the Physical
Functioning, Role-Physical, Bodily Pain, and General Health
subscales, while the MCS draws on data from the Vitality,
Social Functioning, Role-Emotional, and Mental Health
subscales. The PCS and MCS are scored using norm-based

Table 3. Proportion of Participants in Tamoxifen Arm With o Clinically
Significant Score (= 16) on the CES-D by Age Group and Examination

Age Group
35-49 Yeors 50-59 Years = 40 Years Overdll
Examination  TAM RR* TAM RR* TAM RR* TAM RR*

0074 1.03 ‘0082 1728 0.058 0918 0071 107
3months 0122 110 0.704 105 0085 1.08 0.105 1.08
émonths  0.138 1.06 0.J14 1.00 0093 0910 0.117 1.00
12months 0.128 0.937 0322 0.999 0096 0.989 0.116 0.948
18months 0.13% 0.892 0.124 0918 0.101 0929 0.123 8.908
24months 0.143 102 0.124 0.980 0.095 0924 0.122 0980
30months 0.142 0.978 0.107 0.961 0.104 0.934 0.120 0.959
36 months 0.135 0.898 0.111 1.04 0097 0887 0114 0.930

Baseline

Abbreviation: TAM, tamoxifen.
*RR = TAM/placebo.
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methods; both component scores have a mean of 50 and a
SD of 10 in the general United States (U.S.) population. This
means that the PCS and MCS can be meaningfully com-
pared with one another, and their scores have a direct
interpretation in relation to the distribution of scores in the
general U.S. population.

Figure 2 charts the PCS and MCS for the tamoxifen and
placebo groups at each examination and by age group. As
expected, mean PCS declines across the age groups. At
follow-up examinations, the tamoxifen group was consis-
tently lower on the PCS only in the 50- to 59-year-old age
group (one-sided sign test, P = .065). However, the absolute
differences were small, approximating one tenth of an SD.
With regard to the MCS, all of the age groups scored above
the mean MCS for the general U.S. population, and no
consistent differences emerged between the two trial groups.
Figure 3 summarizes the overall data from eight subscales
on which the component subscores are based.

Table 4 lists the mean number of symptoms reported on
the 43-item SCL by age group and examination. The mean
number of symptoms reported was consistently highest in
the 50- to 59-year-old age group, followed by the 35- to
49-year-old and 60 years or older age groups (Friedman test,
P = .001 tamoxifen and placebo). The participants in the
tamoxifen group also reported a small but consistent excess
in the mean number of symptoms (< one) reported at 19 of
the 21 age-stratified follow-up examinations (3 to 36 months;
one-sided sign test, 35 to 49 years, P = .0078: 50 to 59 years
and = 60 years, P = .065) (Table 4).

Table 5 provides information on the proportion of women
in the tamoxifen and placebo groups who reported symp-
toms on the SCL at least once during the treatment period, ie,
the period excluding baseline but including the seven
follow-up examinations. The five symptoms with the great-

_ estrelative difference between the two trial groups are given

for each age group, and the 10 symptoms with the greatest
relative difference are presented for all participants com-
bined. :

Tables 6 and 7 give detailed information, by age group
and examination, on the reported frequency of hot flashes
and vaginal discharge in the trial groups. The proportion of
participants who reported hot flashes was elevated in all age
groups of the tamoxifen group at every follow-up examina-
tion. Among the participants in the tamoxifen group, the 50-
to 59-year-old age group had the largest proportion of
women reporting hot flashes at each examination (median,
69.8%; Friedman test, P = .001), but the youngest age group
(35 to 49 years) showed the greatest relative increase in
proportion of women reporting hot flashes {median RR,
1.50; Friedman test, P = .011). Vaginal discharge was the
most consistently elevated symptom in the tamoxifen group.
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The youngest age group (35 to 49 years) had the greatest
proportion of participants reporting vaginal discharge at
each examination (median, 35 .5%; Friedman test, P <
.001), and the oldest age group (= 60 years) reported the
greatest increase of vaginal discharge relative to the placebo
controls (median RR, 3.05; Friedman test, P = .005).
Figure 4 summarizes the information from the five items
on the MOS sexual functioning scale. Figure 4A shows that
a greater proportion of participants in the tamoxifen group,
as compared with the placebo group, reported being sexually
active during the 6 months before each follow-up examina-
tion. Although apparently consistent (P = .031), the abso-
lute difference was small {mean, 0.78%) and may have been

- caused by chance. Figure 4B through 4E show that a small

but consistently larger percentage of participants in the
tamoxifen group reported a definite or serious problem in
three of the four specific domains of sexual functioning
during the follow-up period. -

DISCUSSION

We observed in our earlier article® that measuring the
impact of new treatments on HRQL is particularly important
within the context of disease-prevention and health-
promotion trials. Compared with patients suffering from
clinically manifest disease, decrements in overall quality of
life are likely to have a much greater impact on the
subjective appraisal of treatment acceptability and the
maintenance of long-term treatment adherence among high-
risk but otherwise healthy individuals. This report covers the
initial HRQL findings from a large, multicenter chemopre-
vention trial, which has shown that tamoxifen reduced the
risk of invasive breast cancer in high-risk women by 49%
during the first 5 years of administration. Given the apparent
clinical efficacy of tamoxifen in the prevention setting, it is
important to assess whether the various secondary effects of
the drug might act to reduce this practical efficacy.13-15

The cohort of women taking part in the P-1 study clearly
was not representative of the general population. They were
predominately white, well educated, and middle class, with
a strong professional and technical orientation. The initial
HRQL findings presented in this report must be assessed
within the context of the socioeconomic and cultural charac-
teristics of the P-1 study cohort’

The subcohort of women discussed in this report represent
82.6% of the total study cohort. This subcohort was chosen
to exclude potential biases, because of external factors
eventuating in the suspension of accrual in P-1, and to
control for the amount and types of missing data. Despite
this, we still fost 31.5% of our participants by the 36-month
follow-up examination. This proportion closely approxi-
mates the 10%-per-year loss to follow-up rate predicted at
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Fig2. Mean scores by age group and examination on SF-34 physical and mental component scores {higher scores represent better quality of life}.
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Table 4. Mean Number of Total Symptoms Reporfed on Symptom Checklist by Age Group and Examination
Age Group .
35-49 Years 50-59 Years = 60 Years Overall
Examination TAM Difference” TAM Difference* TAM Difference” TAM Difference®
Basefine 8.84 +0.114 9.76 +0.236 8.89 - 0030 2.14 +0.110
3 months 9.96 +0.319 10.54 - 0.006 9.63 - 0.166 10.04 + 0.077
6 months 10.43 + 0.564 11.06 +0.304 10.06 + 0011 10.51 +0.322
12 months 10.87 +0.521 11.54 + 0.455 10.43 + 0.076 10.95 + 0.429
18 months 11.08 +0.614 11.51 + 0.452 10.65 +0.292 11.08 + 0.469
24 months 11.05 +0.733 11.58 + 0.549 10.68 +0.476 ’ 11.10 + 0.602
30 months 10.27 + 0.227 10.67 + 0.547 1015 +0.134 10.36 +0.299
36 months 10.79 +0.386 1 1.22 +0.700 10.50 +0.190 1084 +0.426

Abbreviation: TAM, famoxifen.
*Difference = tamonxifen minus placebo.

the beginning of the P-1 trial and is similar in pattern and
number to the adherence data recently reported in a second
large, multicenter chemoprevention trial of hormone replace-
ment therapy for heart disease.'6 We have shown that there is
only a small difference in the proportion of nonadherent
participants in the tamoxifen and placebo groups and that the
nonadherent women in both trial groups have generally
similar key demographic, clinical, and HRQL variables.
Given these considerations, it seems unlikely that a maxi-
mum difference of 3% in the HRQL follow-up rates between
the two groups was sufficient to create a significant bias in
our between-group COmparisons.

HRQL adherence is closely related to treatment adher-
ence. Based on the reasons for quitting treatment, it would
seem that nonadherent women in both trial groups were
those who were sensitive to the actual or possible occurrence
of side effects caused by tamoxifen.

Much concern has been expressed about a potential
relationship between tamoxifen use and the onset of depres-
sion.'”2! Women who reported a history of depressive
episodes or a history of treatment for nervous or mental
disorders were not excluded from the trial. A brief eight-item
affective screening questionnaire based on the CES-D and
the Diagnostic Interview Schedule? was part of the baseline
examination.?? Using data from this brief screening instru-
ment, local investigators were alerted to eligible participants
showing signs of potentially serious affective distress at the
baseline examination and caution was advised regarding
their enroliment onto the trial. However, women who
showed current signs of affective distress or depression were
not routinely excluded from the trial.

With regard to the primary screening instrument used in
the follow-up examinations, it has been pointed out that “the
items in... (the CES-D) are generally related to affective
distress but not to any particular psychiatric disorder.” 1 For
this reason, the numbers listed in Table 3 refer not to the
prevalence of clinically diagnosable depressive disorders

but, instead, to the prevalence of clinically significant
affective distress that might be associated with a number of
specific psychiatric disorders. However, if tamoxifen use
was associated with the onset of clinically diagnosable
depression, we would have expected to see a consistent
excess of individuals scoring = 16 on the CES-D in the
tamoxifen group. No such consistent excess was observed.
These findings agreed with the data from the mental health
scale on the SF-36.

The MOS SF-36 served in this study as a measure of
overall HRQL. For this initial report, we have presented data
from the SE-36 in terms of two high-level component
scores!? and the eight basic subscales generally used in
scoring this instrument.® Neither of these two methods of
summarizing the SF-36 data demonstrated any clinically
significant differences between the tamoxifen and placebo
groups. ,

The first clear signs of consistent differences between the
tamoxifen and placebo groups were observed in the SCL. In
19 out of 21 follow-up comparisons, the mean number of
symptoms reported on the SCL were consistently different
by age group (50 to 59 years > 35 to 49 years > 60+ years)
and by trial group (tamoxifen > placebo). The absolute
differences between the trial groups were relatively small
and tended to be associated with the types of vasomotor,
gynecologic, and sexual functioning symptoms previously
reported for tamoxifen. 82425

The data from the MOS sexual functioning scale indicate
that relatively small (< 4.0%) but consistent differences
exist between the two groups in regard to the proportion of
women reporting definite or serious problems in at least
three specific domains of sexual functioning, sexual interest,
arousal, and orgasm. These problems do not seem to be age
group specific. Despite these findings for specific domains
of functioning, there is no evidence that these problems
result in a reduction of the overall proportion of women in
the tamoxifen group who are sexually active.
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Table 5. Symptoms Reported ot Least Once Between Months 3 and 36
With the Largest Relative Difference Between Trial Arms
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Table 6. Proportion of Women Reporfing Hot Flashes in Tamoxifen Arm and

Age Group Placebo Arm Tamoxifen Arm RR
and Symptom Proportion (%) Proportion (%) {TAM/Placebol
35-49 years
Cold sweats 15.90 2290 1.44
Vaginal discharge 4629 62.55 1.35
Pain in intercourse 23.88 31.57 132
Night sweats 59.58 7416 1.24
Hot flashes ) 65.54 81.28 1.24
50-59 years
Cold sweats 16.11 27.00 1.68
Vaginal discharge 32.51 53.47 1.64
Genital itching 36.93 4524 1.23
Night sweats 6277 75.88 1.21
Bladder control {laugh) 47.67 56.94 1.19
= &0 years )
Vaginal bleeding 4.64 10.92 2.35
Vaginal discharge 19.82 45.81 231
Genital itching 3205 40.94 1.28
Hot flashes 51.51 63.59 1.23
Bladder control {laugh} 4988 56.49 1.13
Overall )
Vaginal discharge 3413 5477 - 1.60
Cold sweats 1477 21.40 1.45
Genital ifching 38.29 47.13 1.23
Night sweats 54.92 66.80 1.22
Hot fashes 465.04 77.66 1.19
Pain inintercourse 2413 2819 1.17
Bladder control {laugh) 46.65 > 52.51 113
Bladder control {other} 47.79 5283 .11
Weightloss 41.97 4494 1.07
Vaginal bleeding 21.26 2196 1.03

Abbreviation: TAM, tamoxifen.

Based on these data, we conclude that tamoxifen use is
associated with an increase in specific vasomotor, gyneco-
logic, and sexual functioning symptoms. At the same time,
we did not observe any evidence that overall physical and
emotional well being were significantly affected by these
differences in the frequency of symptoms. We also found no
evidence on the CES-D or the SF-36 mental health scale for
an association in any age group between tamoxifen use and
an increase in the proportion of women reporting clinically
significant levels of affective distress and/or depression.
How should clinicians integrate the results from the HRQL
study data into decision-making and recommendations to
women considering the use of tamoxifen in the setting of
prevention? As demonstrated by the SCL data from the
placebo group of the trial, many symptoms experienced by
women who participated in this study are age and meno-
pause related and exist independent of the use of tamoxifen.
However, several symptoms are substantially more frequent
in women using tamoxifen; these include vasomotor symp-
toms (cold sweats, night sweats, and hot flashes), vaginal
discharge, and genital itching. Women need to be informed

RR Compared to Placebo Arm by Age Group and Examination

Age Group
35-4% Yeors 50-5% Yeors = 60 Yeors Owverdll
Examinaion TAM  RR® TAM  RR® TAM  RR*  TAM  RR®

Baseline  0.258 0.959 0.533 0.989 0.268 1.030 0.346 0.991
3months 0.581 1.588 0761 1.241 0511 1.413 0416 1.399
6months  0.610 1.666 0765 1.268 0.503 1.481 0.626 1.455
12months 0.614 1.525 0740 1.273 0.460 1.412 0406 1.39
18months 0.613 1.510 0715 1.239 0.419 1.461 0586 1.387
24months 0.622 1.457 0.681 1.199 0.388 1.311 0.570 1.322
30months 0.627 1.362 0.442 1.206 0.330 1.177 0.541 1265
36months 0.627 1.414 0.667 1.276 0364 1.362 0.560 1.348

Abbreviation: TAM, tamoxifen.
*RR = TAM/placebo.

of these possible symptoms. Weight gain and depression,
two clinical problems anecdotally associated with tamoxifen
treatment in women with breast cancer, did not increase in
frequency in this large placebo-controlled trial of healthy
women. This is good news that must also be communicated
to women. An informed discussion with a woman consider-
ing tamoxifen therapy should include these points in the
risk/benefit discussion.

Disclosure of likely and unlikely symptoms should pre-
pare a woman for what she might experience and reduce her
anxiety or concerns should she begin preventive therapy.
Without the detailed evaluation of HRQL data obtained in
the P-1 trial, we would not be able to provide this level of
information and reassurance to women considering preven-
tive therapy. In addition, the setting of preventive therapy
differs considerably from the treatment of breast cancer.
Therefore, if 2 woman experiences untoward symptoms
after starting tamoxifen treatment, the medication can be
discontinued if the symptoms cannot be controlled or her
personal assessment of the risks and benefits changes.

Table 7. Proportion of Women Reporting Vaginal Discharge in Tamoxifen
Arm and RR Compared to Placebo Arm by Age Group and Examination

Age Group
35-49Yeors 50-59 Years = 40 Years Overall
Examination  TAM RR* TAM RR* TAam RR* TAM RR*

Baseline  0.201 0.957 0.135 1.041 0.058 0.507 0.138 0.975
3monthe 0.379 1.549 0.308 2023 0.275 3.665 0.326 1972
émonths  0.391 1.686 0.302 1.931 0.269 3.057 0327 1.973
12months 0.380 1.700 0.304 1.973 0.262 3.333 0321 2.020
18months 0.363 1.558 0.278 2.251 0.252 3.029 0.303 1.961
24months 0341 1797 0.272 1.991 0238 2994 0.288 2052
30months 0.325 1.633 0.282 2.404 0.246 3.075 0.288 2.083
36months 0316 1471 0264 2332 0.241 309 0.277 2095

Abbreviation: TAM, tamoxifen.
*RR = TAM/placebo.
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HEALTH-RELATED QUALITY OF LIFE AND TAMOXIFEN

- The current report is a brief overview of the P-1 study
HRQL data that focuses on important clinical and functional
implications of tamoxifen use for women’s overall HRQL. It
will be supplemented in the future by a series of additional
methodologic and clinical reports that will provide in-depth
analyses of the data obtained from each one of the several
P-1 study HRQL instruments.
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. Tamoxifen and Depression: More Evidence From the

National Surgical Adjuvant Breast and Bowel Project’s
Breast Cancer Prevention (P-1) Randomized Study

Richard Day, Patricia A. Ganz, Joseph P. Costantino

‘ - Background: Concerns have been raised that tamoxifen may

be associated with depression. To investigate this question,
we examined the psychological effects of tamoxifen treat-
ment for breast cancer prevention on women at different
levels of risk for clinical depression who were enrolled in the
National Surgical Adjuvant Breast and Bowel Project’s
Breast Cancer Prevention (P-1) Study. Methods: A total of
11064 women were randomly assigned to receive for 5 years
daily doses of 20 mg of tamoxifen or placebo in the P-1 study,
a muiticenter, double-blind, placebo-controlled chemopre-

. vention trial. Each woman was prospectively assessed for

depression risk on the basis of medical history items col-
lected at the baseline examination and placed in a high-,
medium-, or low-risk group. Every 6 months, for a total of
36 months, the participants were assessed for depressive
symptoms by completing the Center for Epidemiological
Studies—Depression (CES-D) questionnaire. Scores of 16 or
higher were indicative of an episode of affective distress.
Differences between the risk groups and treatment arms
were analyzed by logistic regression. All statistical tests were
two-sided. Results: Women in the higher risk depression
groups were more likely to score 16 or higher on the CES-D
(percent follow-up examinations with a score of >16: high-
risk group = 35.7%, with 95% confidence interval [CI] =
32.5% to 38.9%; medium-risk group = 19.2%, with 95% CI
= 18.1% to 20.3%; and low-risk group = 8.7%, with 95% CI
= 8.3 t0 9.1%) and to have these scores more frequently and
for longer periods than women in the lower risk groups.
Within each depression risk group, there was no difference
in the proportion of women scoring 16 or higher by treat-
ment assignment (tamoxifen versus placebo) (odds ratio =
0.98; 95% CI = 0.93 to 1.02). A post-hoc analysis indicated
that the lack of a tamoxifen effect was not a result of differ-
ential missing data. Conclusions: Physicians need not be
overly concerned that treatment with tamoxifen will increase
the risk for or exacerbate existing depression in women. Nev-
ertheless, physicians should continue to screen for and treat
or refer potential cases of depression encountered in routine
clinical practice. [J Natl Cancer Inst 2001;93:1615-23]

Concern regarding an association between clinical depression
and tamoxifen, when used as an adjuvant treatment or preven-
tative agent for breast cancer, has been voiced by a number of
investigators (/-5) and continues to be discussed in regulatory
agencies, such as the U.S. Food and Drug Administration. Fur-
thermore, the Physician’s Desk Reference (6) lists “depression”
as an infrequent adverse reaction to tamoxifen. Although previ-
ous studies (7-5) used breast cancer patients to address tamoxi-
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fen use and depression, the studies had a number of weaknesses, .
including the lack of a clear definition of depression and a failure
to control for the potential confounding effects of illness diag-
nosis, the side effects of chemotherapy (e.g., premature meno-
pause), or normal aging. Previously, two double-blind, placebo-
controlled studies of the effects of tamoxifen in postmenopausal
womer (7,8) found no association of tamoxifen with depression.
We believe that some of the concern over the relationship be-
tween tamoxifen and depression arises from the idea that, be-
cause hormone replacement therapy has positive effects on
mood and tamoxifen has antiestrogenic activity (9-11), tamoxi-
fen, therefore, has negative effects on mood.

_ The completion of the Breast Cancer Prevention (P-1) Study
of the National Surgical Adjuvant Breast and Bowel Project
(NSABP) provides an opportunity to investigate the association
between tamoxifen and depression in greater detail. The P-1
study was a multicenter, double-blind, placebo-controlled che-
moprevention trial. The primary objective of the study was to
evaluate whether 5 years of tamoxifen therapy would reduce the
incidence of invasive breast cancer in women at an increased
risk for the disease. The secondary objectives of the study in-
cluded the assessment of the incidence of ischemic heart disease,
bone fractures, and other negative health events, such as depres-
sion, that might be associated with tamoxifen therapy. Eligible
participants were randomly assigned to receive 20 mg daily of
tamoxifen or a placebo for 5 years. Detailed reports on the
rationale, planning, design, and clinical outcome of the P-1 study
are available elsewhere (12-16).

In our initial publication on the health-related quality of life
(HRQL) (16) of all subjects in the P-1 study, we did not find a
difference between the treatment groups (tamoxifen versus pla-
cebo) on the Center for Epidemiological Studies—Depression
(CES-D) Scale (17) or the SF-36 Mental Health Scale (18). It is
known, however, that vulnerability to clinically identifiable

“forms of depression is not uniformly distributed in the general

female population but, instead, clusters in high-risk groups of
women (19). This vulnerability to depression may be inherited,
suggesting a genetic or familial origin, or it may be related to
certain psychological predispositions, such as a low self-esteem,
a poor resistance to stress, or a pessimistic view of the world. We
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were concerned that the potential negative effects of tamoxifen
for women at high risk for depression may have been masked in
our previous analysis (16) because of the simultaneous inclusion
of a larger group of less vulnerable (ie., low-risk) participants.

In this study, we investigated the effects of tamoxifen on
women at different levels of risk for depression. Specifically, we
were interested in whether tamoxifen freatment was associated
with the onset or prolongs the length of existing episodes of
clinically diagnosable depression in women at high risk for de-
pression.

PATIENTS AND METHODS E
Participant Cohort and HRQL Data

This article covers the baseline and first 36 months of follow-up data (col-
lected at 6-month intervals) on the same 11 064 Wwomen used in the initial HRQL
report (16) from the P-1 study. The P-1 participants ranged in age from 35 years
to 79 years (mean + standard deviation = 53.8+92 years), were predominantly
white (95.6%), were well educated (> some college = 64.9%), and were cur-
rently employed (full- or part-time = 64.7%) in a professional or technica] field
(67.9%). A detailed description of this cohort of participants and the P-1 HRQL
instruments was reported previously (14, 16). All investigations conducted in the

-1 study were approved by review boards at each institution and were in accord
with an assurance filed with and approved by the U.S. Department of Health and
Human Services (12}, All of the participants provided written informed consent.

Defining Depression

Depressive disorders, as defined by the current psychiatric nomenclature in
the Diagnostic and Statistical Manual of Mental Disorders: DSM- v (DSM-1IV)
(20), come in a variety of forms that differ on the basis of the number severity,

following symptoms: sleep disturbance, change in psychomotor activity, loss of
ability to experience pleasure and interest, fatigue, feelings of worthlessness or
guilt, difficulty in concentrating, and a preoccupation with death or 2 wish to die.
These symptoms must be associated with a clear impairment in social function-

disorders have dramatic clinical manifestations that involve one or more epi-
sodes of hypomania during an individual’s Efetime alternating with illness epi-
sodes that fit the criteria for major depression disorder.

Depression was previously defined by the Research Diagnostic Criteria (RDC)
(21), a nonclinical forerunner of the current DSM-1V criteria. The RDC used
similar criteria as the DSM-1V to define “major depression” but, unlike the
DSM-1V, also included criteria to define “minor depression” (nonpsychotic epi-
sodes of illness characterized by a prominent and sustained dysphoria but lacking
all of the symptomatic features of major depression). Although important his-
torically, the RDC has been superseded by the DSM-1V.

One of the problems associated with the definition of depression is that, in
addition to these diagnosable clinical entities, there are multiple sources of
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a period of dysphoria (feeling sad or blue) lasting at least 2 weeks. These
expressions of affective distress, which fail to meet the clinical criteria for major
depression, dysthymia, or bipolar illness, are often associated with occurrences

Monitoring Depressive Symptoms in the P-1 Study

The primary instrument used to monitor depressive symptoms in the P-] study
was the CES-D (7 7). This self-administered questionnaire was designed to be a
brief, first-stage screen rather than a clinical diagnostic instrument, The CES-D
is composed of 20 items, each of which is scored on 2 scale of 0-3. Higher scores
reflect increased expression of affective distress, and a score of 16 or higher is
most often used as the cutoff point for likely cases of clinical depression
(17.23,24).

Two problems are associated with the use of the CES-D alone to screen for
clinically diagnosable episodes of depression. First, questions on the CES.D
inquire only about the past 7 days, collecting little information on the length of
time that a symptom has been present. Second, the CES-D collects information

only on symptoms and not the degree of social impairment experienced by the -

respondent. Consequently, scores above the CES-D clinical cutoff point of 16
tend to include a substantial proportion of distressed individuals-—perhaps up-
wards of one half or more—who do not meet the clinical criteria for major
depression, dysthymia, or bipolar illness (24,25).

Estimating Depression Risk in P-1 Study Participants

The eligibility criteria for the P-1 study permitted, at the discretion of the local
site investigator, the inclusion of women with evidence of clinical depression.
Twenty t0 22% of the participants scored 16 or higher on the CES-D at least once
during any 12-month period of the P-1 study. This percentage exceeds the
expected general population rates [5%6% (19)] of clinically diagnosable de-
pressive disorders over g 12-month period by 3.5-4.0 times, indicating that it is
necessary to distinguish between clinically diagnosable episodes of depression
and depressive symptoms that are secondary to other types of physical and
psychiatric illnesses or a consequence of social conditions that produce short-
term, self-limiting expressions of affective distress. The preferred means to make
such a distinction would be a standardized psychiatric interview, such as the
Schedule for Affective Disorders and Schizophrenia—Lifetime Version (26) or
the Diagnostic Interview Schedule (19},
interview, the best single indicator of risk for a future episode of major depres-
sion, dysthymia, or bipolar disorder in the

limit of the participants in the P-1 study. Medical history information, collected
on a one-time-only basis as a part of the baseline entry and eligibility assessment
of all P-1 study participants, included three self-reported items regarding de-
pression: 1) a medical history of depression, 2) current or Pprevious prescriptions
for antidepressant medications, and 3) extended periods (=12 months) of dys-
phoric mood (i.e., “depressed or sad most days”). If a participant gave 2 positive
answer to the medical history or the medication question, the interviewer ob-

These three medical history items were used in the current study to prospec-
tively estimate each participant’s risk of experiencing a clinically diagnosable
episode of depression. A simple three-leve] risk Score was determined for each
P-1 study participant, depending on whether they endorsed 0 (low risk), 1 or 2
(medium risk), or 3 (high risk) of the medical history items regarding depression

diagnosis of depression. Moreover, if tamoxifen was associated with the onget
and/or prolonged the length of depressive episodes in the high-risk (i.e., more
vulnerable) group, it should be apparent from longitudinal differences in the
proportion of P-1 study participants in the treatment groups (tamoxifen versus
placebo) who scored 16 or higher on the CES-D.
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Statistical Analysis
A [l

CES-D scores were analyzed as above or below the clinical cutoff of 16 or
higher. Binary logistic regression was the primary method of statistical analysis
used in this study. Estimated odds ratios (ORs), confidence intervals (Cls), and
P values are provided for all inferential analyses. Cox regression analysis was
used to investigate the effects of treatment and depression risk on the time to the
first CES-D with a score of 16 or higher, and Kaplan-Meier curves are provided
for these data. When the CES-D data were handled as a continuous variable,
nonparametic equivalents to a one-way analysis of variance (i.e., Kruskal-Wallis
test) were used because it is unusual for CES-D scores to be normally distrib-
uted. Graphic presentations include 95% Cls on observed proportions to provide
the reader with visual criteria for the magnitude of potential variation. Reported
P values are all two-sided and have not been adjusted for multiple statistical
comparisons. Instead, we have chosen to focus on consistent patterns of findings
rather than on individual statistical tests in forming our conclusions. We also
avoided the use of statistical methods for imputation of missing data points in the
primary data because the data did not meet the strong assumptions that normally
underlie such procedures (e.g., MCAR {i.e., Missing Completely at Random}/
MAR [ie., Missing at Random]). Analyses were carried out with the use of
Minitab (Version 13; Minitab, State College, PA) and Egret (Version 1.0; Cytel
Corp., Cambridge, MA).

REsuLTS
Depression Risk

To determine whether there was an association between de-
pression and tamoxifen treatment in participants of the P-1
study, we first calculated the depression risk score from the
frequency of responses to each one of the medical history items
(Table 1). The three components of this score were only mod-
erately intercorrelated. The highest correlation occurred between
a history of illness and antidepressant medications (r = .564;
P<.001), followed by history of illness and persistent dysphoric
mood (r = .369; P<.001) and medications and dysphoric mood
(r = .269; P<.001). Overall depression risk, measured by the
data from this study, was not statistically significantly related to
the participants’ risk of breast cancer, as measured by the Gail
risk model (12,31).

The construct validity of this depression risk score was evalu-
ated, in part, with the use of the social and demographic factors
associated with clinically diagnosable depressive disorders in
the ECA study (19). Table 2 shows the distribution of the P-1
study participants according to the three-level depression risk

scale on seven demographic variables, which approximate those
associated with clinically diagnosable depression in the ECA
study (19). All of these variables, except education, showed a
statistically significant dose-response relationship to the depres-
sion risk scores in terms of the direction and intensity of the
association. o

CES-D Data

~ Fig. 1, a, shows the proportion of the participants in each
depression risk group who scored above the clinical cutoff of 16
or higher on the CES-D Scale at baseline and at each of the
follow-up examinations. A consistent, positive dose-response
relationship was seen between depression risk, as determined on
the basis of the medical history items, and the proportion of
participants scoring 16 or higher on the CES-D Scale at each
scheduled examination. For each depression risk group, Table 3
shows the mean proportion of follow-up examinations with
scores of 16 or higher and the distribution of the maximum and
the overall scores on CES-D examinations above the clinical
cutpoint. A positive dose-response relationship was also ob-
served between depression risk group and proportion of respon-
dents who scored 16 or higher on sequential CES-D examina-
tions. In the high-risk depression group, for example, 21.2% of
the respondents scored 16 or higher on three or more sequential
CES-D examinations, compared with 9.7% for the medium-risk
group and 3.5% for the low-risk group (data not shown). These
findings confirm the expectation that participants in the higher
depression risk groups (high>medium>low), on average, tend
to experience more persistent and severe episodes of affective
distress.

We next analyzed the CES-D data from each depression risk
group by treatment group (tamoxifen versus placebo) (Fig. 1,
b—d; Table 4). After adjustment for examination and risk group,
the results of a logistic regression found that there was a statis-
tically nonsignificant effect for the tamoxifen group compared
with the placebo group (OR = 0.98; 95% CI = 0.93 to 1.02;
P = .32). These analyses indicate that treatment group is not
statistically associated with the proportion of women scoring
above the CES-D clinical cutoff of 16 or higher in any of the
three depression risk groups. Furthermore, after adjustment
for depression risk group, an analysis of variance found that

Table 1. Distribution of self-reported risk factors for clinical depressive disorders at baseline examination among participants of the
National Surgical Adjuvant Breast and Bowel Project’s Breast Cancer Prevention (P-1) Study

Risk factor pattern* 0-3 risk factorst
Risk group
(items endorsed) History of depression Antidepressant medications Persistent dysphoria No. % No. %
Low (O No No No 7964 72.0 7964 72.0
Medium (1) No No Yes 621 56
No Yes No 668 6.0 1628 14.7
Yes No No 339 : 3.1
Medium (2) No Yes Yes 120 11
Yes No Yes 202 1.8 953 8.6
Yes Yes No 631 57
High (3) Yes Yes Yes 519 4.7 519 4.7
Total 11064 1000 11064 100.0

*Depression risk groups were assigned on the basis of the
antidepressant medication, and 3) persistent mood disturbance
to the low-risk group, those with a score of 1

participants’ response to three medical history questions: 1) history of depression, 2) use of
(dysphoria). Each positive answer was worth 1 point. Participants with a score of 0 were assigned
=2 to the medium-risk group, and those with a score of 3 to the high-risk group.

1Number and percent of participants endorsing 0, 1, 2, or 3 depression risk factors.
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Table 2. Distribution of NSABP P-1 participants on ECA study social and demo

graphic correlates of clinically diagnosed depressive

disorders by depression risk score*
&

Depression risk scoret

Sociodemographic item

95% confidence interval

Low, % Medium, %  High, % Odds ratiof on odds ratio
- Marital status: divorced/separated 111 17.7 23.5 1.63 1.50t0 1.98
Employment status: not working 4.4 7.9 122 1.78 1.58 10 2.01
Visited doctor within last 3 mo 71.0 76.4 844 1.39 1.28t0 1.51
Hospitalized within last 5 y 427 48.6 549 127 11910 1.36
Age: 260 y 299 274 24.1 0.87 0.81100.94
Education: >high school 66.6 66.7 70.0 1.04 0.97t0 1.12
Income: >median 46.1 37.6 315 0.72 0.67t00.77

*NSABP P-1 = Natural Surgical Adjuvant Breast and Bowel
Epidemiological Catchment Area study (19}, -

‘FDepression risk groups were assigned on the basis of the
antidepressant medication, and 3) persistent mood disturbance
to the low-risk group, those with a score of 1-2 to the medium-risk group,

$0dds ratios were determined by binary logistic regression;

there was no difference in the mean individual proportion of
follow-up examinations above the clinical cutoff in each treat-
ment arm. v

The Kaplan-Meier plot in Fig. 2 shows the relationship be-
tween assigned treatment (placebo versus tamoxifen) and de-

and those with a score of 3 to the high-risk group.
P<.001 for all groups compared with referent groups, except for education, where P= 235.

Project’s Breast Cancer Prevention (P-1) Study; ECA = National Institutes of Mental Health's

participants’ responses to three medical history questions: 1) history of depression, 2) use of
(dysphoria). Each positive answer was worth 1 point. Partici

pants with a score of 0 were assigned

pression risk group (high, medium, or low) for the time from
randomization until the first CES-D examination with a score
exceeding the clinical cutoff of 16 or higher. The results of Cox
proportional hazards regression analysis with these data were
statistically significant for depression risk group (likelihood
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Fig. 1. Proportion of participants in the National Surgical Adjuvant Breast and
Bowel Project’s Breast Cancer Prevention (P-1) Study scoring 16 or higher on
the Center for Epidemiological Studies—Depression (CES-D) Scale with 95%
confidence intervals by depression risk groups (low, medium, or high) (a) and by
depression risk group and treatment assignment (placebo versus tamoxifen
[TAM]) (b—d). Depression risk groups were assigned on the basis of the par-
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ticipants’ responses to three medical history questions: 1) history of depression,
2} use of antidepressant medication, and 3) persistent mood disturbance (dys-
phoria). Each positive answer was worth 1 point. Participants with a score of 0
were assigned to the low-risk group, those with a score of 1-2 to the medium-
risk group, and those with a score of 3 to the high-risk group.
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Table 3. Distribution of Center for Epidemiological Studies—Depression
(CES-D) Scale variables for NSABP P-1 participants who scored above the
* clinical cutoff of 16 or higher by depression risk group*

» Depression risk groupt
CES-D Variable Low Medium High
% follow-up examinations
in which participants
scored =16% ’
Mean 0.087 0.192 0.357
95% CI for mean 0083100091 0181100203 0325100389
Maximum score =163 )
Median 22 24 27
Mean 2397 2561 28.58
95% CI for mean 2366102428 2516102606 27.621029.54
All scores =16%
Median 20 21 22
Mean 21.52 22.49 2374
95% CI for mean 7130102174 2217102281 23.10t024.38

#The CES-D is a self-administered questionnaire, composed of 20 items, each
of which is scored on a scale of 0-3. Higher scores reflect increased expression
of affective distress, and a total score of 16 or higher is used as the cutoff point
for likely cases of clinical depression (17,23,24). NSABP P-1 = National Sur-
gical Adjuvant Breast and Bowel Project’s Breast Cancer Prevention (P-1)
Study; CI = confidence interval.

fDepression risk groups were assigned on the basis of the participants’ re-

sponses to three medical history questions: 1) history of depression, 2) use of |

antidepressant medication, and 3) persistent mood disturbance (dysphoria). Each
positive answer was worth 1 point. Participants with a score of 0 were assigned
to the low-risk group, those with a score of 1-2 to the medium-risk group, and
those with a score of 3 to the high-risk group.

$There is a statistically significant difference between ail groups (Kruskal—
Wallis and analysis of variance: P<.001). “Maximum score >16" represents the
highest single CES-D score =16 reported for an individual, whereas “All scores
>16” summarizes ail of the CES-D scores >16 reported for an individual.

ratio statistic [LRS] P<.001; hazard ratio [HR] = 1.88; 95% Cl
= 1.74 to 2.05), but they were statistically nonsignificant for
both treatment arm effects (LRS P = .988; HR = 1.00;95% Cl1
= 0.92 to 1.09) and interaction effects (LRS P = 575;HR =

Table 4. Comparison (binary logistic regressidn} of the proportion of NSABP P-

1.03; 95% Cl = 0.92 to 1.16). The proportional hazards as- ’
sumption for this analysis was confirmed. ‘

Missing Data

We next assessed the association between missing data and
depression risk group or sequential CES-D examination (Fig. 3,
a). Logistic regression analysis based on the data in Fig. 3, 3,
indicated that depression risk group (OR = 1.17; 95% CI =
1.13 to 1.21; P<.001) and sequential examination (OR = 1.45;
95% CI = 1.44 to 1.46; P<.001) were both statistically signifi-
cantly associated with missing CES-D data. Panels b—d in Fig. 3
show the proportion of participants completing the CES-D by
depression risk and treatment groups. Logistic regression analy-
sis by depression risk, controlling for sequential examination,
indicates that, compared with placebo treatment, tamoxifen
treatment was associated with higher proportions of missing data
in the low-risk group (OR = 1.11; 95% CI = 1.06 to 1.16;
P<.001) and the medium-risk group (OR = 1.12; 95% Cl =
1.04 to 1.21; P<.001) but not in the high-risk group (OR = 0.99;
959% CI = 0.84 to 1.16; P = on. If tamoxifen-associated
depression were the primary cause of these missing data, we
would have predicted a positive dose—response increase in the
magnitude of the ORs from the lowest to the highest depression
risk group.
We noted in our previous report (15) that it was difficult to
continue to collect quality-of-life data after a participant had
gone off treatment. However, participants in the P-1 study were
asked about their primary reason for going off treatment, and :
their responses were recorded on an Off Therapy Form (OTF)
that included “depression” as one of 10 specific response cat-
egories. @
Of the 11064 participants in this cohort, we collected an OTF
for 3539 (80.8%) of 4382 women who missed at least one i
CES-D examination. The presence of an OTF showed 2 mod- :
erate positive correlation with the total number of missing
CES-D examinations (r = .62; P<.001). The women who com-
pleted an OTF accounted for 12693 (89.7%) of 14149 missing

1 participants in each treatment group (tamoxifen versus placebo) who scored

16 or higher on the Center for Epidemiological Studies—Depression (CES-D) Scale by depression risk group and sequential examination®

Sequential examination

Depression risk groupf Baseline 3 mo 6 mo 12 mo 18 mo 24 mo 30 mo 36 mo
Low .
ORi 1.22 1.04 1.01 1.02 0.88 0.96 093 0.86
95% CI 0.96t0 1.55 0.86to 1.25 0.85t0 1.19 08610 1.02 07510 1.04 0.8010 1.13 0.78t0 1.12 0.71t0 1.03
P 10 68 9 - 0.86 14 .60 44 a1
Medium
OR% 1.03 1.29 1.10 0.99 091 1.04 0.96 1.01
95% CI 0.81 to 1.30 1.04 10 1.60 0.89t0 1.35 0.81101.22 07410 1.13 08210 1.30 07510 1.22 07910 1.29
P 84 02 39 95 40 76 72 94
High ;
OR% 0.89 0.78 . 074 0.62 0.84 0.83 + 100 1.00
95% CI 0.611t0 1.30 0.541t0 1.14 0.50to 1.09 0.411t00.92 0.56t0 1.26 05410 1.28 0.65to 1.54 0.64 t0 1.57
P 54 21 13 02 40 40 99 99

*The CES-D is a self-administered questionnaire, composed of 20 items, each of which is scored on a scale of (-3. Higher scores reflect increased expression

of affective distress, and a total score of 16 or higher is used as the cutoff point for likely cases of clinical depression ( 17,23,24). NSABP P-1 = National Surgical

Adjuvant Breast and Bowel Project’s Breast Cancer Prevention (P-1) Study; OR = odds ratio; Cl = confidence interval.

fDepression risk groups were assigned on the basis of the participants’ responses (o three medical history questions: 1) history of depression, 2) use of

antidepressant medjcation, and 3) persistent mood disturbance {dysphoria). Each positive answer was worth 1 point. Participants with a score of 0 were assigned
to the low-risk group, those with a score of 1-2 to the medium-risk group, and those with a score of 3 to the high-risk group.

+OR >1.0 indicates a greater proportion of women in the tamoxifen group.
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Fig. 2. Kaplan-Meier curves of time from randomization to first score of 16 or
higher on the Center for Epidemiological Studies—Depression (CES-D) Scale
by depression risk group (low, medium, or high) and treatment assignment
(placebo versus tamoxifen [TAMY]). Depression risk groups were assigned on the
basis of the participants’ responses to three medical history questions: 1) history
of depression, 2) use of antidepressant medication, and 3) persistent mood
disturbance {dysphoria). Each positive answer was worth 1 point. Participants
with a score of 0 were assigned to the low-risk group, those with a score of -2
to the medium-risk group, and those with a score of 3 to the high-risk group.
At 10 months, for the patients who received tamoxifen, in the low-risk group
there were 3159 patients at risk of depression (proportion remaining = 0.864;
95% confidence interval [CI] = 085310 0.875); in the medium-risk group there
were 799 patients-at risk (proportion remaining = 0.685; 95% CI = 0.659 to
0.711); and in the high-risk group there were 123 patients at risk (proportion
remaining = 0.488; 95% CI = 0.427 to 0.549). At 30 months, for the patients
who received tamoxifen, in the low-risk group there were 2233 patients at risk
for depression (proportion remaining = 0.746;95% CI = 073210 0.760); in the
medium-tisk group there were 496 patients at risk (proportion remaining =
0.528; 95% CI = 0.499 to 0.557); and in the high-risk group there were
61 patients at risk (proportion remaining = 0.317; 95% CI = 0.258 to 0.376).
At 10 months, for the patients who received the placebo, in the low-risk group
there were 3190 patients at risk for depression (proportion remaining = 0.870,
95% CI = 0.859 to 0.881); in the medium-risk group there were 863 patients at
risk (proportion remaining = 0.713; 95% CI = 0.688 to 0.738); and in the
high-risk group there were 108 patients at risk (proportion remaining = 0.475;
95% CI = 0.412 to 0.538). At 30 months, for the patients who received the
placebo, in the low-risk group there were 2326 patients at risk for depression
(proportion remaining = 0.753; 95% CT = 0.738 t0 0.767); in the medium risk
group there were 544 patients at risk (proportion remaining = 0.535;95% CI =
0.506 to 0.563); and in the high-risk group there were 59 patients at risk
{proportion remaining = 0.316; 95% CI = 0.254 10 0.377).

CES-D examinations. Only 110 (3.1%) of these 3539 women
reported that depression was the primary reason for their going
off therapy. The most frequent reasons for going off therapy
were nonmedical in nature (1667 women [47.1%]1), perceived
toxic effects (921 women [26.0%]), and various protocol and
nonprotocol medical conditions (841 women [23.8%7).

Table 5 shows the distribution of women who reported that
depression was their primary reason for going off treatment by
treatment group and depression risk group. An analysis of these
data using binary logistic regression found a statistically signifi-
cant effect for depression risk group (OR = 2.37; 95% CI =
1.83 t0 3.07; P<.001) and a statistically nonsignificant effect for
treatment group (OR = 1.10; 95% CI = 075t01.62; P = .63),

- indicating that the cases of depression that lead women to quit

their assigned treatment did not occur with a greater frequency
in those in the tamoxifen arm.

Discussion

Tamoxifen is the most widely prescribed anticancer agent
currently in use. It has been proven to be effective against breast
cancer as an adjuvant treatment and in a preventative setting
(12,32). Given the widespread use of tamoxifen, it is important
to fully investigate all of the potential side effects that may be
associated with its administration, so that women, together with
their physicians, can make an informed decision regarding its
potential costs and benefits and its appropriateness for their in-
dividual situations. ‘

This study is an extension of our earlier report (16} on the
HRQL data from the NSABP P-1 study. Previously, we found
no evidence for an association between tamoxifen treatment and
depression in the overall P-1 study cohort. In this study, we
recognized that vulnerability to clinically identifiable depressive
disorders is not randomly distributed in the general female popu-
lation and that the effects of tamoxifen on susceptible women in
the P-1 study may have previously gone undetected.

Our initial problem was the g priori identification of sub-
groups of women with a potential clinical susceptibility for de-
pression. Because the self-administered depression-screening
form (CES-D) used in the P-1 study provides information on
short-term symptoms of affective distress and is not intended for
use as a diagnostic instrument (7 7), we incorporated the partici-
pants’ self-reported medical history of depression, use of pre-
scription antidepressant medications, and experience of ex-
tended periods (>12 months) of dysphoric mood to assign
clinical risk. On the basis of these data, women were prospec-
tively assigned to one of three depression risk groups. We hy-
pothesized that the higher a woman’s depression risk group, the
greater the likelihood that she would experience a clinically
diagnosable episode of depression.

The P-1 study staff were trained to check the consistency and
appropriateness of the self-reported data about prior treatment
for depression and the use of antidepressant medications as a
routine part of the medical screening procedure carried out dur-
ing entry/eligibility interview. These procedures were designed
specifically to minimize false-positive classification errors.
However, there was little that the interviewer could do to detect
false-negative classification errors in which a potential partici-
pant did not, for whatever reason, report the requested screening
information. The overall effect of this inability to control for
false-negative classification errors for the current study was to
create a potential misclassification bias in which women at in-
creased risk for depression may have been placed, at an un-
known rate, in one of the lower risk groups. Although less than
ideal, the effect of this bias is conservative in nature, operating
to maintain the comparative validity of the most important high-
risk depression group.

We found a statistically significant dose-response relation-
ship between the level of the depression risk group (high>
medium>low) and the proportion of the women in each depres-
sion risk group who scored above the clinical cutoff of 16 or
higher on the CES-D at baseline and at every follow-up inter-
view. In addition, women in the higher risk groups {high>
medium>low) scored above the clinical cutoff on a greater pro-
portion of their follow-up interviews and, on average, had higher
maximum CES-D scores. Together, these data suggest that there
was a dose—response effect, in which women in the higher de-
pression risk groups (high>medium>low) were more likely to
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Fig. 3. Proportion of participants in the National Surgical Adjuvant Breast and
Bowel Project’s Breast Cancer Prevention (P-1) Study completing the health-
related quality-of-life questionnaire by depression risk groups (low, medium, or
high) (a) and by depression risk group and treatment assignment (placebo versus
tamoxifen [TAM]) with 95% confidence intervals (b—d). Depression risk groups
were assignied on the basis of the participants” responses to three medical history

questions: 1) history of depression, 2) use of antidepressant medication, and
3) persistent mood disturbance (dysphoria). Each positive answer was worth
1 point. Participants with a score of O were assigned to the low-tisk group, those
with a score of 1-2 to the medium-risk group, and those with a score of 3 to the
high-risk group.

Table 5. Reasons cited for going off treatment by depression risk* and treatment group

Low risk Medium risk High risk
‘Reasons cited for going off treatment Placebo Tamoxifen Placebo Tamoxifen Placebo Tamoxifen Qverall
Depression (No. of participants) 20 27 21 24 9 g 110
Other reasons (No. of participants) 1130 1275 416 431 83 94 3429
Depression as % of all off-treatment reasons 1.7 2.1 48 5.3 938 8.7 3.1

*Depression risk groups were assigned on the basis of the participants’ responses to three medical history questions: 1) history of depression, 2) use of
antidepressant medication, and 3) persistent mood disturbance (dysphoria). Each positive answer was worth 1 point. Participants with a score of 0 were assigned

to the low-risk group, those with a score of 1=2 to the medium-risk group, and those with a score of 3 to the high-risk group.

and that these episodes, on average, Were more persistent and
more severe than the episodes in the lower risk groups. Finally,
we found that the distribution of social and demographic corre-
lates (i.e., age, marital and employment status, educational level,
and use of medical services) across the three depression risk
groups defined in this study followed the same general patterns
of risk previously identified in the ECA study of depression
among the general population (21). All of the above findings
serve to support the validity of the risk assignments used in our
study.

: experience clinically significant episodes of affective distress

Tournal of the National Cancer Institute, Vol. 93, No. 21, November 7, 2001

The primary test of our research question involved stratifying
each depression risk group by treatment assignment (tamoxifen
versus placebo) and comparing the corresponding proportions of
women at each follow-up interview who scored above the clini-
cal cutoff of 16 or higher on the CES-D. We found no effect of
tamoxifen for any of the three depression risk groups.

Besides the lack of a positive association between tamoxifen
use and depression, there are at least two possible alternative
explanations for our negative findings: lack of statistical power
and missing data. We carried out a post-hoc effect size analysis
to determine the size of the difference between the treatment
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arms that might have been detected. For our highest risk depres-
sion group (n = 519), we had an 80% chance of detecting at
least a 37% (OR =1.37) increase between the two study arms in
the proportions of women scoring above the CES-D clinical

cutoff of 16 or higher at any single examination point. When a_

repeated measures design was used, we had sufficient power to
detect a mean increase of 24% (OR =1.24) in the proportion of
women in either arm scoring above the CES-D clinical cutoff
(33,34). We considered these to be acceptable levels of statistical
power for the identification of clinically significant treatment
effects in our high-risk depression group. The detectable ORs
were, of course, even smaller for the low- and medium-risk
depression groups.

We also assessed the contribution of missing data to explain
the negative association between tamoxifen and depression in
the P-1 study. An initial analysis showed that assigned depres-
sion risk was statistically significantly associated with missing
data rates over the course of the study. If a tamoxifen-associated
depression was the primary cause of these rates, we would have
predicted that the tamoxifen treatment group in the higher de-
pression risk groups would show a progressively greater differ-
ential off-treatment rate than the placebo group. This expectation
was not confirmed by our data for the high-risk depression
group.

In addition, we also examined the reasons given for going off
the assigned treatment. There was a strong statistical association
in the P-1 study between stopping assigned treatment and miss-
ing HRQL data (16). An analysis of the reasons for going off
treatment in 81% of the women with missing HRQL data re-
sulted in the following observations: (a) Depression was cited as
a relatively infrequent reason for going off treatment; () the
higher the depression risk group, the greater the likelihood that
depression was cited as the reason for going off treatment; and
(¢) within each depression risk group, depression was cited as
the reason for going off treatment by similar proportions of
women, regardless of treatment assignment. A separate report
(35) has implemented a sensitivity analysis on these data with
equally negative results. The findings in our report together with
this sensitivity analysis indicates that there are no clear patterns
in the missing data that serve to undermine the conclusions
drawn from our primary analysis. ‘

The results of our analysis strengthen our previous conclusion
regarding lack of evidence for an association between tamoxifen
use and depression in the P-1 study data by provisionally ex-
tending our findings to subgroups of women at a high risk for
clinically identifiable episodes of depression. Clinically, these
findings have two major implications. First, the evidence from
NSABP’s P-1 study does not lend support to the idea that
tamoxifen should be considered to be a causal risk factor for the
onset of depressive symptoms and/or the prolongation of depres-
sive episodes that occur among treated women. Second, the
findings of this study suggest that physicians need not automati-
cally disqualify women as candidates for tamoxifen treatment
simply because they report a history of depressive symptoms or
prior treatment for a depressive disorder. Nevertheless, it is still
essential that physicians carefully screen for affective disorders
and treat or refer potential cases of depression encountered in
routine clinical practice.

Finally, there are two important limitations on these conclu-
sions that require discussion, one statistical and the other meth-
odological. Statistically, it was the large size of the P-1 study
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that permitted us to identify and carry out stratified analyses o}
groups of women with a differential risk for depression. How-
ever, we also noted that there were limits on our statistical powes
to detect an increase in the proportion of women reporting clini-
cally significant levels of depressive symptoms on the CES-D,
particularly in the high-risk depression group. For this reason,
we cannot absolutely exclude the possibility that there may be
rare cases in which women react negatively to tamoxifen treat-
ment with potentially life-threatening depressions. Here, it is
useful to recall that data on neuro-mood toxic effects were col-
lected for P-1 study participants and periodically reviewed as
part of the routine safety-monitoring procedures. Over the full
course of the P-1 study, there were a total of three women who
committed suicide, one woman from the placebo-treated group
and two women from the tamoxifen-treated group, and there
were no statistically significant differences in the distribution of
women reporting suicidal ideation across the two trial arms.
The methodological limitations of this article (i.e., the lack of
standardized psychiatric diagnoses and missing HRQL data) are
primarily due to the fact that the goals of this study were sec-
ondary to the main clinical objectives that determined the design
of the P-1 study. A more definitive analysis would require ad-
ditional data from a potentially smaller, yet more focused study,
in which an investigation of the relationship between clinical
depression and tamoxifen treatment was the primary scientific
objective. Such a study would have to have the following mini-
mum features: (a) a double-blind, placebo-controlled, random-
ized design; (b) participants who are at high risk for breast
cancer, rather than breast cancer patients (to avoid potential
confounding due to clinical diagnosis and treatment); (c) par-
ticipants who are stratified on a reliable measure of risk for
affective disorder (e.g., lifetime diagnosis, Schedule for Affec-
tive Disorders and Schizophrenia—I ifetime Version); (d) peri-
odic administration, in whole or in part, of a standardized psy-
chiatric diagnostic instrument (e.g., Diagnostic Interview
Schedule) by a trained interviewer; and (e) continued collection
of the psychiatric interview data even if the participant goes off
the assigned treatment for any reasom, except death or consent
withdrawal. Whether the additional information obtained from
such a study would justify the time and the expense involved in

its collection is a problematic question that is beyond the scope
of this article.
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Quality of Life and Tamoxifen in a Breast
‘Cancer Prevention Trial

___ A Summary of Findings from the NSABP P-1 Study

RICHARD DAY .
Department of Biostatistics, Graduate School of Public Health, University of Pittsburgh,
Pittsburgh, Pennsylvania 15213, USA

ABSTRACT: This report contains a brief summary of the health-related quality
of life findings for 11,064 women taking part in the National Surgical Adjuvant
Breast and Bowel Project’s P-1 trial. Women taking part in this trial of
tamoxifen versus placebo for breast cancer prevention were >35 years old and
predominantly white, well educated, and middle class, with a strong profes-
sional and technical erientation. Key findings included a lack of difference
between the tamoxifen and placebo arms with regard to depression, overall
physieal or mental quality of life, and weight gain, The tamoxifen arm did show
consistent increases in vasomotor (hot flashes) and gynecological (vaginal dis-
~ charge) symptoms, as well as difficulties in certain domains of sexual func-
tioning. It is concluded that an informed discussion with a woman considering
tamoxifen therapy should include these points in the risk-benefit discussion.

Kevworbs: quality of life; tamoxifen; breast cancer; prevention

INTRODUCTION

. This is a brief summary of the findings from the health-related quality of life
(HRQL) component of the Natiorial Surgical Adjuvant Breast arid Bowel Project’s
{NSABP) P-1 trial, a multicenter, double-blinded, placebo-controlled clinical trial
designed to evaluate whether 5 years of tamoxifen therapy would reduce the
incidence of invasive breast cancer in women at an increased risk for the disease.
Detailed descriptions of the rationale, planning, and design of the P-1 study and its
;HRQL component, as well as specific instruments, are available in’ separate

‘reports.!~5

Eo SUBJECTS AND INSTRUMENTS

. - This sunimary focuses on the baseline HRQL examination and the first 36 months
‘of follow-up data on 11,064 women recruited over the first 24 months of the Stlfdy.
The P-1 HRQL questionnaire was composed of the Center for Epidemiological

Address for correspondence: Richard Day, Ph.D., Department of Bias_{atistics, _Graduats
: School of Public Health, University of Pittsburgh, 201 North Craig Street, Suite 350, Pittsburgh,
¢ PA 15213. Voice: 412-624-4077; fax: 412-624-9969.
day@nsabp.pitt.edu
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METHODOLOGICAL ISSUES IN THE ANALYSIS OF QUALITY OF LIFE DATA
IN CLINICAL TRIALS: ILLUSTRATIONS FROM THE NATIONAL
SURGICAL ADJUVANT BREAST AND BOWEL PROJECT (NSABP)

BREAST CANCER PREVENTION TRIAL

STEPHANIE LAND', SAMUEL WIEAND', RICHARD DAY', TOM TEN HAVE?,
- JOSEPH P. COSTANTINO', WEI LANG?®, AND PATRICIA A. GANZ*

[1] University of Pittsburgh and the National Surgical Breast and Bowel Project, [2] University of
Pennsylvania School of Medicine, [3] Wake Forest University School of Medicine, [4] UCLA
Schools of Medicine and Public Health and the Jonsson Comprehensive Cancer Center

We present two Quality of Life (QOL) endpoints collected in conjunction with the recently completed
Breast Cancer Prevention Trial (BCPT) performed by the National Surgical Adjuvant Breast and
Bowel Project. The analyses of these endpoints {depression and hot flashes) indicate the importance

of randomization and give some insight about the impact of missing data in a large randomized
trial. ‘

1. Introduction

Quality of life (QOL) assessments have been increasingly included as secondary or primary
endpoints in clinical trials (Tannock et al., 1996; Moinpour et al., 1998). The impetus for doing
so comes from a desire to obtain patient-rated evaluations of treatments, especially in
circumstances in which treatments have substantially differing toxicities or in which survival
outcomes are not expected to be different (Ganz, 1994 a and b). Under such circumstances, an
evaluation of the morbidity of treatment from the patient’s or participant’s perspective may in fact
be the most important endpoint. Although there is now a wide range of psychometrically

~ validated scales for the measurement of QOL in clinical trials (Cella and Bonomi, 1995), there are

considerable challenges to the implementation and collection of QOL data in these studies
(Bernhard et al, 1998a), as well as equally formidable statistical and analytical concerns
(Bernhard and Gelber, 1998b). In this paper, we provide examples from the recently completed
NSABP Breast Cancer Prevention Trial (BCPT) to highlight challenges that can arise in the
analyses of such data, specifically focusing on the importance of randomization and the issue of
missing data and its potential to affect the interpretation of QOL outcomes.

2. Background

The BCPT was a double-blinded, placebo-controlled clinical trial that was open for accrual from
June 1, 1992, through September 30, 1997. During this interval 13,338 women at high risk for
breast cancer were randomly assigned to receive either 20 mg/day of tamoxifen or placebo for a
duration of five years. The primary objective of the trial was to determine if tamoxifen therapy
would reduce the risk of breast cancer among women. Secondary objectives related to the full
benefit/risk profile of tamoxifen use in healthy women. Participants in the trial were screened for
breast cancer at six-month intervals by clinical breast examination and at yearly intervals by
bilateral mammography. At each screening, visit participants were also evaluated for several other
endpoints including heart disease, fractures, thromboembolic disease, and endometrial cancer.
Heart disease and fractures were included because it was theorized that tamoxifen might also
reduce the risk of these problems. Thromboembolic disease and endometrial cancer were included




because these were known side effects associated with tamoxifen therapy.  As an additional

means to monitor the safety of treatment in the trial, the incidence of all invasive cancers and the

occurrence of all deaths were also included as endpoints. ‘
The results of the BCPT have been reported (Fisher et al., 1998

), as has a study of the
risk-benefit ratio for tamoxifen (Gail et al,, 1999). During follow-up, 175 participants randomized

to receive placebo developed invasive breast cancer compared to only 89 randomized to receive
tamoxifen, indicating an estimated 50% reduction in the risk of breast cancer from the use of
tamoxifen. Other major findings include the detection of a preventive effect on osteoporotic
fractures, no effect on heart disease, and a confirmation of the known side effects of endometrial
cancer and thromboembolic disease. These overall findings will not be discussed in this
manuscript, as we wish to focus on issues that relate to QOL studies.

Because the participants in this trial were healthy women, the monitoring of their QOL
during the intervention was of particular importance. Thus, the NSABP included a concurrent
QOL study designed to describe side effects of tamoxifen, to examine the relationship between
side effects and QOL, to compare the side effects and QOL in placebo and treated subjects, and to
examine the effects of symptoms on compliance with study medication. The BCPT QOL
questionnaire was a 104-item battery that included four instruments: the Center for Epidemiologic
Studies Depression Scale (CES-D) (Radloff, 1997); the Medical Outcomes Study 36-Item Short
Form (SF-36) (Ware et al., 1994); a symptom checklist based on the Postmenopausal Estrogen
Progesterone Intervention (Shumaker S., personal communication) specifically adapted for the
BCPT trial; and the Medical Outcomes Study Sexual Problems Scale (Sherbourne, 1992). These
instruments were selected because of their psychometric characteristics and validity, the
availability of normative data in healthy women, and ease of self-administration. The latter was
particularly important because the trial was conducted at several hundred clinical centers
throughout North America and the battery of questions we asked was completed on multiple
occasions in conjunction with study visits. The QOL assessment was scheduled to occur at
baseline before administration of the study medication and at every clinical visit during the five
years after randomization (at three months, at six months, and every six months thereafter).
However, the trial was unblinded on March 31, 1998, following an interim analysis that showed a
dramatic reduction in the incidence of breast cancer among the participants who received
tamoxifen. The QOL follow-up was terminated at that time due to the potential loss of the control
arm. In this manuscript, as in our prior analyses of QOL data from the trial (Day et al., 1999,
Ganz et al., 1998), we use QOL data available on participants who were recruited to the trial
during the first two years of the study (June 1, 1992 to May 31, 1994) as all of these women would
have been expected to have 36 months of completed follow-up data at the time the study was

terminated. The sample includes 11,064 women who represent 82.6% of the total accrual to the
BCPT. We use only their first three years of follow-up.

3. The Effect of Tamoxifen on Depression

When the BCPT began, there was considerable concern that tamoxifen therapy might be
associated with the development of depressed mood in women with breast cancer. Although Love
et al. (1991) did not find such an effect when reporting symptoms associated with tamoxifen
treatment in a randomized trial in postmenopausal women with breast cancer, several researchers
subsequently reported results suggesting that administration of tamoxifen might lead to depression
in some breast cancer patients (Cathacart ef al, 1993; Shariff et al., 1995; Moredo ef al,, 1994).
The latter studies were relatively smail (fewer than 400 patients) and none had a placebo
comparison group. However, there was a potential scientific rationale for tamoxifen’s association

~with depression. Estrogen had been shown to have a beneficial effect on mood in postmenopausal




women (Halbreich, 1997; Gregoine, et al.,, 1996), and it was considered plausible that tamoxifen
might negate these positive effects of estrogen.  Thus, careful measurement of depression,
including a screening instrument to identify potential cases of depression, was important in the
design of the BCPT QOL study.

The primary instrument used in the BCPT to study the change in depression level over
time was the CES-D, a self-administered questionnaire (20 questions) that screens for depressive
symptoms over the seven days prior to administration (Radloff, 1977). A participant’s score is
the sum of the responses for the 20 questions and can range from 0 (no depressive symptoms) to
60 (maximum depressive symptoms). The instrument is widely used because it is easy to
administer and has excellent population-based normative data (Myers and Weissman, 1980;
Roberts and Vernon, 1983; Boyd ef al,, 1982). To assess the validity of the CES-D in the BCPT
sample, we compared the baseline CES-D scores of BCPT participants with ten medical history
items related to mental health that had been obtained at entry to the trial (Table 1). The first three
items were obtained in the context of questions about diagnosed medical probiems, although we
did not verify that there had been a recorded diagnosis. There is nearly a linear relationship
between the number of positives from the participant’s mental health history and the CES-D score
(p<0.0001), providing considerable reassurance that the CES-D score from this study sample was
highly associated with a clinical mental health history. Similarly, the association between the
mean CES-D score and the three depression-related items “"ever had depression," "ever took
antidepressants” (either item 4 or 6 positive), or "any two years depressed or sad”, showed an
increasing relationship between the CES-D score and the number of positives (p<.001). In
addition, the baseline CES-D scores were well balanced across placebo and tamoxifen treatment
assignment (Table 2). Cut-off points used in the table are somewhat arbitrary, although a cut-off
of 16 is commonly used as the minimum for classifying a person as depressed (Myers and

Weissman, 1980; Roberts and Vernon, 1983; Boyd et al., 1982) and Lyness et al. (1997) used the
cutoff of 22 when screening for major depression. ‘

Table 1
BCPT Participant History Mental Health Items Obtained at Entry to the BCPT
item % Yes
Ever had depression ; 15
Ever had nervous or emotional disorder 3
Ever had psychiatric problems 1
Current antidepressants 6
Current tranquilizers i6
Previous antidepressants 4
Previous tranquilizers 15
Two weeks sad, blue, depressed, disinterested 17
Any two years depressed or sad 9
Depressed or sad most of past year 5

Table 2. Baseline CES-D Scores

Score Placebo  Tamoxifen
(%) (%)




0-10 85.5 839
11-15 7.8 9.0
16-21 3.8 4.1
22-60 2.8 30

In Figure 1, we present the mean CES-D scores by visit and treatment arm during the
BCPT. The observed increase of depression among participants receiving tamoxifen is slightly
less than the observed increase among participants receiving placebo, although the difference is
not significant (p=0.24). Thus, the increase in the depression score during the first six months of
the trial does not appear to be related to the administration of tamoxifen. It is noteworthy that the
dramatic increase in scores at months 3 and 6 would almost certainly have been attributed to

tamoxifen had there not been a placebo arm. This illustrates the danger of trying to establish a
cause-and-effect relationship in a non-randomized setting.

FIGURE 1 ABOUT HERE.

We do not know why the CES-D depression scores increased for participants on both
arms of the study (placebo and tamoxifen). It is possible that symptoms of worry and depression
increased due to the controversy surrounding this trial, the fear and uncertainty of taking either
placebo or active agent, an increased awareness of breast cancer risk, or a concern over potential
therapy side effects. Alternatively, the raised scores might be partially attributed to “nocebo
effect” (Hahn, 1997): if an individual fears or believes that a side effect may occur from a
medication, he or she will report it. (As will be shown later, participants receiving placebo also
reported an increase in hot flashes, but not at the same significant rate as the participants on
tamoxifen.) Since neither group of women knew which pill they were taking, they may have
reported increased symptoms because they feared the potential medication side effects described
to them as part of the consent process. A third possibility is that the baseline scores were
artificially low and the subsequent increase reflected a regression to the mean. We do not believe

the baseline scores are much lower than would be expected for the educated, socioeconomically

advantaged population in the trial. However, to the extent that the scores were artificially low, it
could be either that women were less likely to enter the trial when they were experiencing
depressive symptoms, or that they would under-report for fear of jeopardizing their inclusion in
the trial. In any case, the phenomenon of an early increase in depressive symptoms appears to be
independent of tamoxifen use.

However, we were concerned that there might be a treatment effect in the subset of
subjects at higher risk of depression. Because 93% of the participants had baseline CES-D scores
<16, and 85% had scores <11, such an effect might not be apparent in an analysis based on the
entire population. To explore this possibility we divided the women into four groups of risk: zero,
one to two, three to five, and six to ten "yes" responses to the mental health items listed in Table 1.
There was no difference observed between tamoxifen and placebo participants in any of the four
groups. Results were similar when the baseline CES-D score was used to create risk groups (CES-
D scores from 0 to 11; 12 to 15; 16 to 21; or 22 or more). There was a suggestion that tamoxifen
is beneficial in the high-risk group (p=0.04), although this is likely to be a statistical artifact.

The problem of missing data is common in clinical trials that assess QOL (Bernhard et
al, 1998a). In the BCPT, this was exacerbated by the fact that the clinical centers were not
required to collect QOL data when a participant went off the study medication. As will be seen,
this led to a substantial problem of non-random missing data. Only 82 participants did not fill out
the CES-D form at entry (an extremely low rate of missing baseline data), and these participants
were excluded from subsequent analyses. (Questionnaires that were partially completed are




considered missing in this report.) However, of the possible 76,874 post-entry forms that 10,982

- Temaining participants were expected to submit during the three-year period, 13,752 (18%) were

missing. At the end of the third year, slightly more than 30% were missing and participants who
received tamoxifen were more likely to have missing data (33% versus 30% missing, p<0.001).
The first three rows in Table 3 present the number and percent of missing forms preceded by a
protocol-specified event (such as second primary cancer, deep-vein thrombosis, ischemic heart
disease, or death); missing forms preceded by early termination of therapy for a reason not
specified by the protocol; and missing forms preceded by consent withdrawal by the participant;
the fourth row of this table shows the number of forms that were missing when the participant was
still receiving therapy. Figure 2 displays the percent of missing forms in four groups based on
baseline CES-D scores. Participants who began with an elevated CES-D score were more likely
to have missing data (p<0.001 at three years) .

INSERT FIGURE 2 AND TABLE 3 ABOUT HERE.

The average of the CES-D scores immediately preceding a missing score was higher than
the average of the CES-D scores immediately preceding an observed score (Table 4), which raised
the possibility that missing scores would have been higher than concurrently observed scores. The
differences were almost identical in the tamoxifen and placebo arms, indicating that while the

- missing data might result in an underestimate of depression, the bias would be the same in both

arms. When we considered other functions of preceding scores, we found that none had a stronger
association with missing scores than did the immediately preceding score. In particular, the slopes
between two scores preceding a missing score were mot significantly different from slopes
between two scores preceding an observed score. Therefore we considered some simple
imputations based on the scores immediately preceding the missing scores.

INSERT TABLE 4 ABOUT HERE.

In discussing the imputation methods, we will use the following notation. The baseline
and seven post-entry CES-D scores for the jth individual participant will be represented by the

vector X; = (xgj,:::;j,xzj,%f,xij,xsj,xﬁj,xﬁ), where "missing" is a possible value for the
CES-D score. Let ff {J_cf) be the average CES-D among tamoxifen (placebo) participants with

an observed CES-D score at the ith visit ~We define a new set of vectors by

I_ Y NSO SN S SN S | I_ . . .
X; —(x{,,.,xﬁ,xﬁ,xﬁ,xﬁ,xﬁ,xﬁ,xﬁ}, where x;=x; if x; is observed. If x; is

missing, x;.=xé_}) j-i—fg -'5:?;_1)_ for a tamoxifen participant and xé, =xé_§) j-i-E;.‘_n -f{*;)_ for a

placebo participant, where the imputation begins with x;; then xi- and so forth. The mean CES-

D curves are slightly higher than in Figure 1 (where no imputation is involved), but the differences
between the two curves remain nearly identical to the differences seen in Figure 1.

Although Table 4 suggests that the imputed values defined above would be appropriate for
replacing missing values, we cannot rule out the possibility that the missing values mask a greater
increase in depression for tamoxifen participants than for placebo participants. For example, there
might have been a subset of tamoxifen participants who became depressed as a result of the
treatment and dropped out before this effect could be observed. We do not have data available to
verify that this is not the case. In order to see just how great a differential (by treatment) would




have been required to
analyses.

For the first sensitivity analysis, we imputed missing values as defined above, but for
every missing value of a tamoxifen participant we added 0.5 units to the imputed value. The
resultant mean values of CES-D at each assessment are almost the same between treatment arms.
This is somewhat reassuring, since adding .5 units to each missing CES-D score for tamoxifen
participants and none for placebo participants is extreme. As Table 3 indicated, the status of the
participants with missing forms was similar on both arms. In instances in which institutions
reported the reason participants went off study, only 3% reported depression as the reason for
doing so. '

The second sensitivity analysis was based on a partitioning of missing questionnaires into
those that were missing for a variety of non-treatment-related reasons and those that were missing
for treatment-related reasons. Specifically, we assumed that if m questionnaires were missing (at
a particular assessment time) in the placebo arm, and 7 + X questionnaires were missing in the
tamoxifen arm, then some fraction of the X questionnaires might be attributable to excess
depression caused by tamoxifen. We calculated treatment group means (at each assessment time)
as if some fraction 7 (for various candidate values of 7 ) of the missing tamoxifen scores were
replaced with the mean of all observations at that assessment that were at least 16, since these
represent severe depressive symptoms. The remaining missing values in both arms were replaced
with the mean of all observations at that assessment. At » =1/2, the curves of imputed CES-D for
the two treatment groups overlapped [not shown)]. That is, there did not appear to be a tamoxifen- -

‘related increase in CES-D unless greater than half of the excess missing questionnaires were
assumed to coincide with severe depressive symptoms.

All of the analyses shown above were also carried out for a binary outcome of severe
depressive symptoms, defined as any CES-D score >16. In Figure 3.A, we plot the proportion of
values classified as a "yes" as a function of time and again find no tamoxifen effect. Imputation of
the missing values using preceding scores had minimal impact on our findings. For a sensitivity
analysis, we performed the imputation with the additional assumption that 3.2% of the missing
tamoxifen CES-D forms had a score > 16, even though the prior score was <16. This would be
roughly equivalent to assuming that all the tamoxifen participants who reported depression before
dropping out of the study subsequently had a score > 16, while none of the placebo participants
reporting depression before dropping out had a score exceeding 15. The sensitivity analysis,

presented in Figure 3.B, indicates that under this fairly extreme assumption about the drop-outs, ‘
the two curves would essentially overlap.

change the interpretation of the data, we performed three sensitivity

INSERT FIGURES 3A AND 3B HERE. ,
As a final step in the sensitivity analysis, we considered a model-based method that adjusts for
drop-out related to observed and unobserved CES-D outcomes through subject-level random
effects. This approach, which may be used to adjust for other covariates, has been presented
previously in other randomized trial contexts for continuous data {Schiucter, 1992; DeGruttola and
Tu, 1994) and for binary data (Ten Have et al., 1998), and in a cohort study context for ordinal
data (Ten Have et al., 2000). More specifically, we fitted an ordinal logistic model with random
effects to the CES-D outcome data. The CES-D score was categorized as in Table 2. The models
make the proportional odds assumption, that is, the odds ratio specified for a given cut-point of the
ordinal CES-D scale is the same as the odds ratio specified for every other cut-point. This
approach is not designed for intermittent missingness. Therefore, any participant's data
subsequent to a missing form was deleted for the purpose of this analysis. The model comprised
three components consisting of different covariate effects but sharing the same subject-level
random effect structure. The first was an ordinal CES-D outcome component with treatment arm
and time (7 degrees of freedom) as main effects, and their interaction (7 degrees of freedom). The




second and third model components corresponded to separate discrete survival time logistic
specifications for non-protocol and protocol specified drop-out. Each of these drop-out
components included main effect covariates corresponding to treatment arm and time.

We present results based on two versions of each of these drop-out components. The first
version includes as covariates the CES-D outcome before drop-out and its interaction with
treatment arm and type of dropout (protocol vs. non-protocol). In the second version, each of these
drop-out components excludes the CES-D outcome and its interactions. The ensuing results are
based on these model specifications without baseline covariates. Including baseline age did not
alter the results. The subject-level random effect structure shared by the CES-D and drop-out
components induces a relationship between the CES-D observed and unobserved outcomes and
the risk of drop-out. The magnitude of this relationship is characterized by the specification of
separate variance components of the random effect for each of the three components in the model.
Separate large variance components for the outcome component and for a drop-out component
indicate a strong relationship between outcome and the respective form of drop-out. For
comparison, we also present results based on the assumption that drop-out is missing at random
(MAR). That is, drop-out is conditionally independent of the unobserved CES-D outcomes,
conditioned on all observed data (Little, 1995). In summary, we have used these three models: 1)
the random effects logistic model without a drop-out component, under the assumption that drop-
out is missing at random (naive model); 2) the random effects logistic model augmented with a
discrete time survival logistic model for drop-out, which shares a random effect with the ordinal
CES-D outcome (Joint 1 model); and 3) model #2 with the last observed CES-D outcome added as
a covariate (Joint 2 model).

The likelihood ratio test of treatment arm differences in change across time (7 degrees of
freedom) was not significant (p=.14). As Table 5 suggests, this result was robust with respect to
the drop-out assumptions (e.g., MAR). More specifically, the estimates of the log treatment odds
ratio at baseline and corresponding treatment-time interaction terms at each follow-up time differ
very little across the three models. To evaluate the strength of the relationship between outcome
and drop-out, we present the variance components of the random effect shared by the three
components (outcome, two drop-out types: non-protocol- and protocol-defined) two of the models,
Joint 1 and Joint, 2 in Table 6. Note that the naive model only has the outcome component and
therefore only one variance component. Table 6 shows that neither of the drop-out components in
Joint 1 and Joint 2 models is related to the outcome through a random effect. This lack of
relationship between outcome and drop-out is consistent with the fact that the log odds ratio
estimates in Table 5 are very stable between the naive and joint models. This suggests that the
naive random effects model accommodates the relationship between outcome and protocol-
defined drop-out. That is, the MAR relationship under the naive model characterizes the type of
relationship between drop-out and outcome represented by the joint models. Of course, it may be
that a different relationship exists that is not characterized by either the joint or naive models.

INSERT TABLES 5 AND 6 ABOUT HERE.

In summary, our study data indicate that tamoxifen does not influence depressive
symptoms among women who are at high risk for breast cancer, and there is no indication that

missing data masked an effect. It appeared that the missing data did result in slight underestimates
of the CES-D scores, which were increased following imputation.

4. Strategies for the Evaluation of Missing Data: Hot Flashes




Although tamoxifen did not appear to influence the CES-D score in this study, it clearly was
associated with other symptoms. Numerous studies have shown that tamoxifen increased the
number and severity of hot flashes in women being treated for cancer, and this effect was also seen
in the high-risk women participating in the BCPT (Day et al,, 1999). Hot flash was the most

- commonly reported symptom on either arm of the BCPT.

In Figure 4 (solid lines), we present the score reported by these women for hot flashes at
each cycle by treatment (possible values ranged from O=none to 4=extreme). There is a clear
increase in this symptom associated with tamoxifen throughout the study. (Note that participants
taking placebo also report an increase in mean hot flash score, although this increase is not as great
as for those taking tamoxifen. This may be another example of the nocebo effect.) Differences in
hot flashes due to treatment are highly significant (p<.001) at every visit. However, when hot flash
scores immediately preceding a missing value were compared to the scores immediately preceding
an observed value (Table 7), there was a differential effect according to treatment. We again did
an imputation in which missing values were replaced by the prior score adjusted for the mean for
the visit (as described previously for the CES-D analyses). There is still clear evidence of a
tamoxifen effect (dashed lines in Figure 4), but the values for the tamoxifen curve are slightly
lower than when the missing values are omitted, while the values for the placebo curve remain
nearly unchanged, indicating that we might be slightly overestimating the treatment effect if we

‘ignore missing values. For example, the difference in average scores is .30 at three years when
~ missing data are ignored versus .26 following the imputation.

INSERT FIGURE 4
Table 7. Average hot flash score prior to missing versus observed scores
Missing subsequent Observed subsequent
questionnaire questionnaire
Placebo 0.87 0.77
Tamoxifen 1.12 1.16

An alternative analysis of these data based on the informative drop-out model used for
the CES-D revealed a significant difference between the treatment arms with respect to change at
each follow-up time (p<.001). As with the CES-D non-significant treatment difference, this
significant result was robust with respect to drop-out assumptions under the random effects ordinal
logistic model. The logistic model requires the assumption that the relationship between
symptoms and drop-out risk is in the same direction in both the placebo and tamoxifen groups and
over time. As Table 8 indicates, this assumption did not hold for the hot flash data. Hence, we

were unable to adjust for the observed drop-out pattern to obtain valid estimates of the treatment
effect. '

INSERT TABLE 8 ABOUT HERE

5. Conclusions

Several points became clear in the analysis of the CES-D data. Perhaps the most important is that
one would be likely to conclude that tamoxifen increased depressive symptoms if all the
participants had received tamoxifen, as this would appear to be the most likely cause of the
- immediate increase in depressive symptoms. However, the randomization allowed us to see that
the effect increase was comparable when participants received placebo, ruling out tamoxifen as the
cause. The fact that the prior scores associated with missing values were elevated in both arms




indicated that the degree of depressive symptoms might have been underestimated slightly on both
arms. However the elevation was the same in both arms, which made it unlikely that there was a
differential drop-out effect by treatment. This partially explains why imputation analyses still led
to the conclusion that tamoxifen did not result in increased depressive symptoms. Sensitivity
analyses indicated that even if there were a fairly substantial treatment related difference in the
depressive symptoms among the drop-outs, accounting for this differential effect would not
change the conclusion that the depressive symptoms were not treatment related.

The situation was slightly different for the hot flash outcome. There was a clear
substantial effect of tamoxifen on the incidence and severity of hot flashes. Furthermore, there
was evidence of a differential drop-out effect by treatment. Imputation indicated that this resulted
in a small overestimate of treatment effect. The rather unusual relationship between drop-outs and
ireatment presented in Table 8 would require fairly flexible models if one were to estimate and

make inference regarding the effect. In future methodology studies, we will address ways to
handle this drop-out pattern. ,
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Figure Legends:

Fig. 1. Change from baseline score for depression in participants in the BCPT. Depression is siighﬁy
increased in the placebo group, compared to the tamoxifen group (not statistically significant).

Fig. 2. The percent of missing questionnaires at each visit by baseline CES-D group (0-10, 1 1-15, 16-
21, and 22-60) which is higher for subjects with higher baseline CES-D scores.

Fig.3. A. Increase in percent of participants whose CES-D score was at least 16, minus the percent
at baseline. The percent increased in both arms.
B. Effect of missing data. Increase in percent of participants whose CES-D score was at least
16, after imputation with the previous observed score, adjusting for the difference in treatment arm
means between the missed visit and the preceding visit. The imputed observations in the
tamoxifen arm had an additional 3.2% added, and the resulting curves are nearly overlapping, .

Fig. 4. The mean hot flash score after subtraction of each participant's baseline score, by treatment arm
(solid lines) and the mean hot flash score after subtraction of each participant's baseline score, by
treatment arm (dashed lines). Tamoxifen subjects experienced more severe hot flashes. For each
subject, missing values were first imputed with previous observed values, adjusting for the difference

in treatment arm means between the missed visit and the preceding visit. Imputation did not
substantially change the comparison.
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Abstract

~ Background: Co-operative groups have played an important role in the advance of health-related quality of

life (HRQL) research. However, definitions of the concept, criteria for selection of existing instruments and
methods for data collection and interpretation remain poorly defined in the literature. A survey was
conducted amongst the major cancer co-operative groups in order to gain a better understanding of their
current policy and processes to ensure optimal HRQL data collection within cancer clinical trials. The topic
of health economics was similarly addressed. Methods: A written questionnaire was addressed to 16 major
European and North American cancer co-operative groups. Eleven groups responded (response rate: 69%),
however, one group could not provide information for the survey, thus ten questionnaires were available
for analysis. Results: The results from this survey among co-operative groups show that HRQL (more than
health economics) is recognized as an important, although usually secondary, outcome measure in
oncology trials. On the whole, co-operative groups have a rather flexible policy towards the inclusion of
HRQL (and HE) into their clinical trials, and practice is very much on a case-by-case basis, but use

standard practice guidelines and internal procedures is to ensure well-defined study protocols and enhance
good quality studies.

Key words: Cancer, Co-operative group. Health economics. Randomized controlled clinical trials, Quality
of life

Introduction HRQL as an outcome measure was acknowledged:

in US. HRQL outcomes were first included in
large treatment and prevention trials in cardio-
vascular disease. Over the past ten years, there has
been an increasing emphasis on the role of alter-
nate outcomes other than the classical clinical trial

in chronic diseases where cure is often not
achievable, it has long been recognized that im-
provement in health-related quality of life
(HRQL) is of great importance. Oncology was one

of the first disease areas where the importance of

This study was supported [rom an unrestricted finuncial grant
from Novartis Pharma AG.

endpoints of response rate, disease-free or overall
survival. Since most trials take many years to
mature, it is only now that gradually more and
more publications of clinical trials include HRQL.
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Co-operative groups are playing an increasingly
important role in the advancement of cancer care
through the conduct of clinical trials,” and the
establishment of treatment recommendations and
guidelines. Collaborative trials groups have also
been active proponents of quality of life research.
For instance, the proceedings of a workshop fo-
cusing on practical and methodological issues re-

lated to missing quality of life data in clinical (rials
in which all major co-operative trial groups par-
ticipated and contributed were recently published
as a special issue in Statistics in Medicine 1.

An informal review of existing literature indi-
cated that many of the large oncology co-operative
groups have some kind of policy or guidelines for
the inclusion of HRQL as an endpoint in cancer
clinical trials. However, the overall information
from existing publications is scarce, incomplete
and not up-to-date. In particular, information on
criteria for selection of existing instruments,
methods for assessment. and data collection pro-
cedures and instructions is lacking. For this rea-
som, a survey was done of the major co-operative
groups (i) that conduct clinical studies in more
than one type of cancer or (i1) that focus on a
single type of cancer but whose scope and mem-
bership are pan-continental.

~ The objective of this survey was to obtain up-to-
date information on the co-operative group policy
on HRQL research. Since health economics (HE),
specifically resource utilization data collection, is
gradually being evaluated in cancer clinical trials,
our survey addressed this-as an additional topic.
The survey was developed and conducted within
the context of a special multidisciplinary taskforce,
" whose mandate was to develop internal guidelines
on HRQL evaluation within oncology clinical tri-
als at a large pharmaceutical company. Recog-
nizing the prominent role that co-operative groups
have played in HRQL research in. oncology, the
taskforce felt that it was essential to look to these
groups for ‘state of the art’ processes and strategies

to ensure optimal HRQL data collection within
clinical trials.

Methods

The target group consisted of all major national or
international co-operative groups that conduct

. The first step involved the identification of the

studies in more than one type of cancer and multi-
continental groups focusing on one type of cancer.
key
person in each co-operative group responsible for
quality of life issues who could respond to the
questionnaire on behalf of the co-operative group.
This step was performed by telephone survey by
the principal study investigator (GK). For all
groups this key person is a specialized quality of
life researcher. Once the key person was identified,
this person was sent a cover letter stating the ob-
Jective and content of the survey, an invitation to
participate, and a request to return the completed
questionnaire within six weeks. A written reminder
was sent to all non-responders after six weeks.
Three weeks thereafter, the remaining non-re-
sponders were contacted by telephone and, in one
case, by fax.

The final response rate was 11 out of 16. Three
groups did not respond, two groups refused (one
because of time constraints (Cancer and Leukemia
Group B (CALGB)) and one because of concerns
about confidentiality of information (European
Organisation for the Research and Treatment of
Cancer (EORTC)). One group was willing to
participate, but at the time of the survey this in-
formation was not readily available for organiza-
tional reasons. Thus, a total of ten questionnaires
were available for analysis. Table 1 provides an
overview of the groups that were approached and
their responses to our invitation to participate in
the survey.

The questionnaire was developed especially for
this survey. A listing was made of all relevant
topics for which we intended to collect data. In a
second step a set of questions were formulated
addressing all different aspects of each topic. A
draft version of the survey was reviewed by

‘members of the taskforce experienced in the

development of questionnaires.

The questionnaire addressed the following top-
ics: overview of ongoing clinical trials with and
without HRQL in the most prevalent types of
cancer; co-operative group trial selection policy;
procedures and methods for inclusion of HRQL
into clinical trials; study center training and
guidelines for HRQL data collection; data analysis
and reporting of findings. The same questions were
asked for HE. The results of the survey are dis-
cussed below in this order of topics.
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that evaluate best supportive care, where HRQL is
- the primary endpoint in six out of eight trals. HE

endpoints are much less frequently collected in the
reported trials.

- Overview of ongoing clinical trials

Most numerous of on-going clinical trials are
those in gynecological, breast, lung, prostate and
colorectal cancers (Table 2). In more than half of
these trials, HRQL is evaluated, although usually
as a secondary endpoint, and only seldom as the
primary endpoint. Notable exceptions are trials

Trial selection policy

Limited research resources and budget constraints
often necessitate prioritising of HRQL studies. In
the context of clinical trials this situation is not

Table 1. Overview of target groups and survey response

Co-operative group Response

Cancer Research Council, UCL Cancer Trials Centre (UK) Yes

" Medical Research Council, Clinical Trials Unit (UK) Yes
Swiss Group for Clinical Cancer Research (SIAKK/SAKXK) (Switzerland) Yes
International Breast Cancer Study Group (Switzerland) Yes
-National Cancer Institute of Canada. Clinical Trials Group {Canada) Yes
Eastern Cooperative Oncology Group (US)

Yes
Gynecologic Oncology Group (US) Yes
Southwest Oncology Group (US) Yes
National Surgical Adjuvant Breast and Bowel Project (US) Yes
Radiation Therapy Oncology Group (US) Yes
Deutsche Krebsgesellschaft (as representative of the German Willing, but

Co-operative Groups (Germany)) information not

. ‘ ’ readily available
Interdisciplinary Group for Cancer Care Evaluation {Italy)

Mo response
Fédération Nationale des Centres.de Lutte Contre le Cancer (France) No response |
Nordic Cancer Trial Group (Scandinavia) No response
Cancer and Leukemia Group B (US) Refused

European Organisation for the Research and Treatment of Cancer (Europe)  Refused

Table 2. Summary of ongoing clinical trials by disease site in 1998 for all ten groups surveyed

Cancer site*

Total number of Number of trials Number of trials Number of trials
ongoing trials in 1998 with HRQL as with HRQL as including HE
(n) primary endpoint secondary endpoint n (%)
n (%) . n (%)
Brain 11 0 5(45) 0
Breast 30 I 14 47y D
Colorectal 20 1(5) 9 (45) 3(135)
Prostate 19 3 (16} 10 (53 1]
Gynecology 32 1 (3) 16 (50) 5(16)
Head & Neck 6 0 6 (38) 0
Leukemia 10 g 1] 0
Lung 27 0 13 (48) 2(N
Lymphoma i1 1 (9 1) 1]
Melanoma 3 0 1(33) 1]
Multiple cancer sites
Supportive care 9 6 (67) 227 g
Palliative care 9 22 6 (67) 2(22)

* Selection of type of cancer based on prevalence of the disease. It does not represent a complete overview of all ongoing clinical trials
per group.
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different. The trials where HRQL is considered
most important are those in which a large survival
advantage is not expected: which compare very
different treatments (e.g., chemotherapy vs. radi-
ation) that will likely result in different side effect
profiles, and those in which patients are symp-
tomatic and the treatment is expected (o relieve
those symptoms.

In nine out of ten groups. there is u specific
person or committee in the co-operative group
responsible for HRQL research issues such as trial
selection, procedures for data collection, irnple-
mentation. and methodology. Only one of the co-
operative groups has adopted a policy of including
HRQL in all cancer clinical trials as a standard
(National Cancer Institute of Canada (NCIC)). In
all other groups, this decision depends on a num-
ber of factors such as study design, research
question, sample size, number of participating
centres and countries, and a number of population
characteristics. A randomized study design allows
for comparison of HRQL between the two study
arms and distinguishes the effect of tral interven-
tion over time. The research question determines

the relevance of HRQL as an endpoint to that

question and the sample size distinguishes whether
there will be a sufficient number of patients to
provide an answer to the HRQL research ques-
tion. The number of participating centres and
countries influence the feasibility of HRQL as-
sessment and likelihood of compliance to ques-
tionnaire completion, the number of languages in
which the questionnaire will need to be available,

“as well as funding needed. Duration of the trial

affects feasibility as well as funding issues. Finan-
cial constraints can play limitating role and ne-
cessitate prioritising of trials that include HRQL
as an outcome parameter. Age of the patients is
most relevant in the paediatric population to de-
termine whether self-assessment of HRQL is pos-

- sible. And lastly, the health care setting frequently

influences the availability of personnel to admin-
ister HRQL questionnaires.

Table 3 provides the detailed ratings of impor-
tance of different factors in the selection of trials
for inclusion of HRQL. Numbers represent the
sum of responses from the 10 groups surveyed.
Globally. treatment characteristics appear to play
a more important role in the selection of trials for
HRQL data evaluation than trial and population

characteristics. Study design. available resources,
toxicity of treatment and absence of incremental
survival advantage were the most important fac-
tors. :

There is often discussion as to whether HRQL
s best collected within the actual clinical trial or as
d separale or companion protocol. When asked
whether HRQL studies were conducted as anp
integral part of the study protocol, seven groups
responded ‘yes. always’, and three reported
‘sometimes’. Six respondents stated that HRQL
was never conducted with a separate protocol, and
four respondents stated that this was sometimes
the case. To the question whether, when included
in a trial, HRQL was a mandatory aspect of the
study for all participating centers, five groups

responded ‘yes, always’, one ‘no, never’ and four
‘sometimes’.

Mode of assessment and choice of instrument

All but one group use written questionnaires as a
standard mode of HRQL assessment, and five
groups use in principle the same instrument in all
studies (either EORTC QLQ-C30; FACT-G; or
LASA scale). For the other groups, the choice of
the instrument depends mainly on the tral char-
acteristics, psychometric properties and its practi-
cality for a particular trial, and to a lesser degree
on language availability, familiarity with the in-
strument or its theoretical foundation. Examples
of questionnaires that have been used previously in
trials are SWOG QoL questionnaire, CARES-SF,
MOS-SF36, EORTC QLQ-C30; FACT-G; or
LASA scale. :

HRQL research guidelines

All groups provide some form of specific instruc-
tions to the participating centers for the collection
of HRQL data. These can consist of written
guidelines, training days, a HRQL training video,
procedure manuals for HRQL assessment, regular
internal training at group meetings, and an initi-
ation site visit to discuss the HRQL aspects of the
protocol.

Six out of ten groups have written internal
procedures or guidelines for HRQL data analysis
and interpretation. Topics covered by.all guide-
lines include the plan for statistical data analysis
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Table 3. Average importance of factors influencing decisions to include HRQL as an endpoint in 2

clinical trial

Importance rating

Notatall A bit Quite a lot Very much

Trial characteristics

Resources available ] 2 4 4

Study design 2 2 2 4

Monitoring capacity A 2 5 i

Representativeness of participating 3 4 1 2

investigators and centers

Sample size 1 & 3 0

Participating countries i 8 0 0

Number of participating countries 2 7 0 0

Number of centers 4 6 0 0
~ Duration of trial 5 4 1 0
Treatment of characteristics

Equal efficacy in terms of 0 0 2 7

* survival expected v

Toxicity of treatment 0 0 6 3

New treatment modality 0 { ] {

New mode of administration 0 5 3 1

Palliative intent 2 i 2 3

Curative intent 2 4 2 0
Population characteristics

Age (children, aduits, elderly) 2 6 1 i

Representativeness of trial population 3 4 3 0

Health care setting (in- vs. outpatient 2 g 1] g

department or home care}

Instrument characteristics

Availability of suitable instrument 0 6 1 3
Other

Burden on patients

Statement that HRQL outcome is
critical for interpreting results

Potential outside funding

Note: Answers shown above represent the sum of respondents choosing that category.

and calculation of sample size estimations. Han-
dling of missing data is included in five out of six.
Other topics mentioned were the interpretation of
results as clinically meaningful changes over time
(n=1), in relation to clinical data (n = 3) or to
other outcome measures (n = 1). Only one group
addresses the issue of the pooling of data for
multinational analysis. which is not surprising as
the majority of respondents are groups that oper-
ate mainly at a national level.

Topics that are not addressed at all in existing
guidelines are the dissemination of results within
clinical practice and the role of HRQL outcomes
in subsequent treatment decision making.

Interest in HRQL research

Four groups stated that their interest in HRQL
research is very high, and five groups expressed
quite some interest (missing n = 1).

3

Heualth economics

In general, the activity and interest in health eco-
nomics is significantly less umong all groups thun
for HRQL. In three groups. health economics data
in the form of resource use such as hospitalization.
medication. diagnostic tests used. number of out-
patient visits. have never been assessed in any trial.
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Four groups have a person or committee specifi-
cally responsible for health economic issues; one

~group has a broad outcomes committee that can

address health outcomes including HE. None of
the groups has a standard policy to collect HE
data in each trial.

Four groups identified formal criteria that they
followed when deciding whether to include HE as
an outcome measure. The most important con-
siderations were the direct cost of the investigated
treatment(s), costs associated with treatment of
adverse events, and potential financial conse-
quences of treatment for the hospital, practice, or
patient. Trial population characteristics and
external requirements from health authorities and/
or medical ethics committees play a less important
role in HE inclusion decisions.

Three groups have some sort of guidelines for

the collection of HE data. None of the groups has

internal procedures or guidelines for the analysis
and interpretation of HE data.

" Interest in HE research

The perceived level if interest in HE is fairly low:
one group is very interested, two groups-are quite
interested and ‘five groups indicated a bit of
interest in the subject (missing: n = 1).

. Discussion

The objective of this study was to obtain up-to-
date information of the processes and strategies
used by large national and international oncology
co-operative groups to conduct HRQL research
and to ensure optimal HRQL data collection
within their clinical trials. Questions were also
asked with regards to the groups’ policy towards
HE data collection, as it is felt that this is an

emerging, and complementary, field of research to
that of HRQL [2].

One of the important limitations of our study is

the size and representativeness of the study sam-
ple. We approached only (i) large national or
international co-operative groups that conduct
studies on more than one type of cancer and (ii)
multi-continental groups focusing on one type of
cancer. Moreover, we did not include groups ac-
tive in the field of pediatric oncology. As a result,

there are clear limitations regarding the represen-
tativeness of our sample and the generalizability of
the results. The majority of the participating co-
operative groups is North American, leaving other
continents, and especially Europe, clearly under-
represented. Non-participation in our survey does
not imply lack of experience or policies regarding
HRQL and HE research. For instance. the EO-
RTC has been active in the field of HRQL research
since many years, and has published on their
strategy to include HRQL s an endpoint in their
clinical trials [3]. It would be inappropriate to infer
their policy from publicly available information as
these will not provide the same level of detail ob-
tained by our survey. The same approach would
also have to be applied to other co-operative
groups, and published reports from other multi-
national or national European groups on HRQL
and HE policies and strategies are scarcer.

One may ask the question whether Europe is
different from North America in its approach to
HRQL research. One source of information is to
look at the stance of health authorities to HRQL
in these two continents. In US, a 1996 publication
[4] on the position of the Federal Drug Adminis-
tration (FDA) with regards to HRQL suggests
that, for the FDA, HRQL is more important than
traditional measures of efficacy such as tumor
response for drugs that do not have any impact
on survival. More recently, the FDA has set up a
special committee in collaboration with outside
researchers to investigate further the role of
HRQL within the registration and labeling of
oncology products (i.e. Subcommittee of the On-
cology Drug Advisory Committee). In Europe, the
European Medicines Evaluation Agency (EMEA)
cite “symptom control backed up by quality of life
assessments” as one of the possible secondary
outcome measures in their 1996 publication of the
Committee for Proprietary Medicinal Products
(CPMP) [5]. However, the actual role that HRQL
data have played in drug approval decisions by
both of these agencies remains to be elucidated [6].
One positive example in the US is the role played
by HRQL data, specifically reduction of pain, in
the approval of mitoxantrone and prednisone for
the treatment of hormone-refractory prostate
cancer [7]. Indeed, it may be assumed that
authorities in both Europe and North America are
at the early stages of learning about the value of




HRQL research and findings to the development
and acceptance of new cancer therapies. Within
this learning environment, co-operative groups in
all continents may play an important role in set-
ting precedents, disseminating research findings
and advancing methodologies in this growing
field.

In our survey, we did not ask respondents to
differentiate between trials that are financially
supported publicly or by the pharmaceutical
industry. Clinical trials in US are predominantly
sponsored by the government, whereas co-opera-
tive groups in Europe and Canada have more of a
mixture of government and industry sponsored
studies. For industry sponsored trials, the most
influential factor on whether to include HRQL as
an endpoint is the requirement of this type of data
by the regulatory authorities. From the perspective
of the co-operative group, the issue of available
funding is of great importance and can to a certain
extent influence the support for HRQL assess-
ments. Industry reimbursement rates per patient
participating in a trial are usually greater than
funding rates from public sources and the added
resources can be used to pursue non-traditional
endpoints or to provide financial support for
studies involving non-pharmaceutical therapeutic
modalities. It would be very interesting to conduct
a similar survey among pharmaceutical companies
and to be able to compare the pharmaceutical
policies regarding the inclusion of HRQL and
health economic research questions in clinical tri-
als to those of co-operative groups.

The results from this survey among co-operative
groups show that HRQL is recognized as an
important, although usually secondary, outcome
measure in oncology trials. Although health eco-
nomics data such as hospitalizations or other re-
source use play a much lesser role in the clinical
trial context, their role in reimbursement decisions
may be more prominent. On the whole, CO-Oper-
ative groups have a rather flexible policy towards
the inclusion of HRQL (and HE) into their clinical
trials, and practice is very much on a case-by-case
basis. The fact that many groups have developed
written internal procedures or guidelines does not
mean that they adopt a rigid approach towards
design, analysis or interpretation of resuits. The
purpose of guidelines and internal procedures is to
ensure well-defined study protocols and enhance
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good quality studies. This is underlined by the fact
that all groups recognized the importance of
training of clinical trial managers for HRQL data
collection, an aspect often neglected in industry-
run HRQL studies. The fact that HRQL evalua-
tion was most often recognized as an integral, and
often mandatory, part of clinical trials is a prom-
ising sign, as acceptance and understanding of this
outcome by treating physicians will only grow with
their increased exposure to its analysis within the
context of other clinical findings.

One aspect that was not addressed by all groups -
was the dissemination and positioning of HRQL
findings within the context of clinical trial evidence -
and the implications of these findings for clinical
practice. The need for further research and guid-
ance in this area was also highlighted in several.
surveys of practicing oncologists on their percep-
tion of HRQL (8, 9]. Clearly, an essential aspect to
the development of HRQL research remains the
proper interpretation of findings, clear communi-
cation of the results to practicing physicians and
patients, and, ultimately, the integration of HRQL

aspects of therapy into actual treatment decisions.

In conclusion, the results of this survey confirm
the impression that HRQL research is a growing,
however still developing field in the context of
clinical trials. Co-operative groups are likely to
continue to play an increasing role in the ad-
vancement of this science and the dissemination of
findings to treating physicians and their patients.
Their role in the promotion of health economics
research may be a lesser one. One may hope that
the knowledge and experience that these trials
groups acquire in including HRQL parameters
into their trials may serve other researchers and
drug sponsors in achieving a more comprehensive
assessment of the impact of new therapies on
cancer patients,
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ABSTRACT

Purpose: NSABP Protocol B-23 compared two chemotherapy regimens: (1) cyclophosphamide,
methotrexate, and 5-fluorouracil (CMF) and (2) doxorubicin (Adriamycin) and
cyclophosphamide (AC) in terms of relapse-free survival, event-free survival and overall
survival. The AC regimen is shorter in duration and was expected to be less toxic than the CMF
regimen. Patients in B-23 were node-negative and estrogen receptor-negative. There is no
previous data regarding the trade-off in quality of life between the two regimens in this
population of breast cancer patients. Quality of life information was considered especially
relevant given the possibility that the two chemotherapy regimens would prove equivalent in
terms of clinical outcome.

Patients and Methods. One hundred sixty patients participated in the NSABP B-23 Quality of
Life study. Patients in B-23 were randomly assigned to CMF plus tamoxifen (TAM), CMF plus
tamoxifen placebo, AC plus TAM or AC plus tamoxifen placebo. Six cycles of CMF were given
for 6 months; four cycles of AC were administered for 63 days. TAM or tamoxifen placebo was
given daily for 5 years. The Quality of Life questionnaire was administered through the first year
after entry to Protocol B-23. The questionnaires included the Functional Assessment of Cancer
Therapy (FACT-B), the vitality scale from the Medical Outcomes Study 36-item Short Form
Health Status Survey (MOS SF-36), a symptom checklist, and additional items regarding overall
quality of life, general health, physical limitations and return to normal activity. Statistical
comparisons between treatment arms were performed with area under the curve analyses,
repeated measures analyses, and Fisher exact tests.

Results: Bladder problems and diarrhea were significantly more common among patients treated
with CMF. In addition, the pattern of quality of life scores over time during treatment differed
between chemotherapy treatment groups, with the CMF group having more constant values
while the AC group quality of life scores dropped during treatment and rose after treatment. This
was especially true with respect to energy levels, which were up to 10 points lower (on a scale of
0-100) in the AC arm. Otherwise, no differences were found between AC and CMF for any of
the individual symptoms or any of the other quality of life instruments in terms of (1) overall
quality of life during the first nine months after randomization, (2) the average quality of life
during treatment, or (3) the rate of recovery to baseline levels of quality of life one year after
randomization.

Conclusion: Overall quality of life is equivalent between the two chemotherapy regimens, with a
trade-off between more frequent gastrointestinal symptoms in the CMF arm and greater
variability in fatigue in the AC arm.

Keywords: Tamoxifen, FACT-B, SF-36
INTRODUCTION

This is the report of the health-related quality of life (HRQOL) component of the National
Surgical Breast and Bowel Project (NSABP) Protocol B-23. Protocol B-23 compared the
efficacy of four courses of doxorubicin (Adriamycin) and cyclophosphamide (AC) with six
courses of standard cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) in women with
node-negative, estrogen-receptor (ER)-negative breast cancer. In addition, Protocol B-23
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compared the efficacy of tamoxifen (TAM) versus placebo in each chemotherapy group. In
addition to chemotherapy, lumpectomy patients received radiation therapy to the breast.

The primary objectives of Protocol B-23 were to compare relapse-free survival, event-free
survival and overall survival between chemotherapy regimens, and between tamoxifen and
placebo. A detailed description of patient eligibility requirements, study design, therapy used,
follow-up, study end points, and statistical analyses of the primary study endpoints appear in
Fisher et al, Journal of Clinical Oncol., Feb 2001. The conclusions drawn from the primary
analyses were that there was no significant difference in the outcome of patients who received
AC or CMF; and TAM with either regimen resulted in no significant advantage over that
achieved from chemotherapy alone. The chemotherapy treatment of choice might then depend
on other characteristics of the regimens, such as toxicity and quality of life. The AC regimen had
been expected to be more tolerable than the CMF regimen due to its decreased duration and
toxicity. Measures of toxicity available from the parent B-23 study appear to validate this
expectation. More women who began CMF discontinued chemotherapy (10%) than did women

who received AC (4%). Approximately 10% more patients in the CMF arm than on the AC arm
of Protocol B-23 experienced grades 3 and 4 toxicity.

To complement institution-reported measures of tolerability, a self-administered quality of life
questionnaire was administered to a subset of patients enrolled in Protocol B-23. This report
provides a comparison of the treatments in terms of self-reported symptoms and physical,
emotional and social functioning. The primary comparison of interest is between the two
chemotherapy regimens. The effects of other covariates and tamoxifen are of secondary interest,

particularly since tamoxifen did not prove to be a clinically efficacious treatment in this patient
population.

PATIENTS AND METHODS

Trial design

Women at participating NSABP institutions in the United States and Canada who had primary
operable, histologically node-negative, ER-negative breast cancer were enrolled in the parent B-
23 study between May 12, 1991 and December 31, 1998. Patients were randomly assigned to
one of four treatment groups after surgery: six courses of CMF plus placebo, six courses of CMF
plus TAM, four courses of AC plus placebo, or four courses of AC plus TAM. A total of 2,008
patients were randomized to the B-23 Protocol (1,005 to CMF and 1,003 to AC). The treatment
assignments were balanced with respect to age (< 49 or > 50 years), clinical tumor size (<2 or >
2 cm), and type of surgery (total mastectomy and axillary node dissection, or lumpectomy and
axillary node dissection followed by breast irradiation). Patients who were treated with
lumpectomy also received breast irradiation. When administered in conjunction with CMF,
radiation therapy was begun within 1 week after day 8 of the first cycle of CMF when there was
no evidence of hematologic toxicity. Subsequent doses of CMF were delayed until radiation
therapy was completed and until evidence of hematologic toxicity was absent. Breast irradiation
was begun after the completion of all AC therapy when blood counts permitted. In all treatment
groups, the administration of TAM or placebo was continued during radiation.
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The quality of life sub-study was opened in May of 1997. The target accrual for the quality of
life evaluation was 200 evaluable patients. However, the B-23 parent study was closed early
because it had become apparent that tamoxifen was not effective in this ER-ne gative population,
so accrual totalled only 169 when the protocol was closed on December 31, 1998. Patient and
treatment assignment information for the quality-of-life study is listed in Table 1. Slightly more
than one half of the patients in the B-23 quality of life study were randomly assigned to AC. Of
the AC patients, about one-half were assigned to TAM. Among CMF patients, more than half
were randomly assigned to TAM. Of the 169 patients enrolled in the study, 4 were ineligible.
There were no submitted questionnaires for 9 enrolled patients.

Table 1. Quality of Life Study Information

CMF AC
Patients Total Placebo TAM Total Placebo TAM
number of | number of | number of | number of | number of | number of
patients patients patients patients patients patients
Consented and 82 38 44 87 44 43
randomized
Eligible 81 38 43 84 43 41
With at least one | 79 35 44 81 42 39
questionnaire
completed

For the 160 patients with at least one questionnaire submitted, the distributions of the
stratification variables are shown in Table 2 according to chemotherapy arm. Age, clinical tumor
size and selection of primary surgery are balanced across treatment arm, as would be expected.

Table 2. Distribution of stratification variables according to chemotherapy arm

CMF AC CMF AC
Mean Age (range) Lumpectomy,
48 (25-73) 49 (28-72) # patients 46 47
Mean clinical tumor Modified radical
size (range) 2.0 cm (0- mastectomy,
1.9 cm (0-5) 4.5) # patients 33 34

Quality of life assessment schedule

The schedule of chemotherapy and quality of life assessment is shown in Table XX. Quality of
life was assessed at the beginning of each chemotherapy cycle and at several follow-up time
points. This assessment schedule was designed to allow comparisons of quality of life during
chemotherapy treatment and to investigate the longer term differences in quality of life.

Instruments
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The quality of life evaluation included the Functional Assessment of Cancer Therapy (FACT-B,
Cella, 1993), a symptom checklist, the vitality scale and items regarding general health from the
Medical Outcomes Study 36-item Short Form Health Status Survey® (MOS SF-36), and

additional items regarding overall health-related quality of life and return to normal activity.
Each instrument will now be described in greater detail.

1) The FACT-B questionnaire has 30 items divided into five subscales for physical well-being,
social/family well-being, relationship with the physician, emotional well-being, and functional
well-being. Nine additional questions refer to problems commonly experienced by women with
breast cancer. The scale has been extensively validated.> Higher values indicate better quality of
life. 2) The 17 items on the symptom checklist were selected from several existing instruments,
including the symptom checklist from the NSABP Breast Cancer Prevention Trial. The selected
symptoms are those commonly reported by patients with cancer, especially patients undergoing
surgery and radiotherapy for breast cancer, standard chemotherapy, and hormonal therapy.

Each symptom checklist item is scored on a 5-point Likert scale, where hi gher values indicate
more severe symptoms. 3) The four-item SF-36 vitality scale is useful in detecting common side
of effects of cancer therapy, such as fatigue and lack of energy. Each item is scored on a 5-point
scale, and the sum is rescaled to a range of 0-100, with high values indicating greater vitality. 4)
The overall health-related quality of life (HRQOL) item is scored on an 1 1-point linear rating
scale anchored at “death” (0) and “perfect health” (11). 5) The item regarding return to normal
activity (developed by D. Cella, personal communication) is also scored on an 1 1-point scale,
with high values indicating greater resumption of normal activities. 6) The MOS SF-36 general
health item (“In general, would you say that your health is. ..”)yand 7) the MOS SF-36
comparative health item (“Compared to 6 months ago, how would you rate your health in general
now?”) are each scored on a 5-point scale, with higher values indicating worse health.

There were two versions of the B-23 quality of life questionnaire. At baseline and after the
completion of all courses of chemotherapy, the FACT-B, SF-36 vitality scale and symptom
checklist items referred to the patients’ experience during the prior 7 days, while the overall
HRQOL linear rating scale referred only to the day of questionnaire completion. During
chemotherapy treatment, the FACT-B, SF-36 vitality scale, symptom checklist and HRQOL
linear rating scale referred to the patients’ experience since the beginning of the previous

chemotherapy cycle. In addition, the comparative health question was not included on the
questionnaire given during chemotherapy.

Statistical methods

Analyses included data from all randomized patients who consented to participate in the quality of life study and
who completed any quality of life assessments. Due to missing data, some analyses were performed with subsets of
these data, as indicated below in the description of each analysis. In addition, questionnaires that were completed
after a breast cancer recurrence or second primary cancer were not included in these analyses.

For longitudinal analyses, “time” was defined with respect to chemotherapy treatment. For example, the “week 4”
assessment for a patient on the CMF arm referred to the assessment on day 1 of cycle 2, regardless of when that

2 Ware 1994
3 Provide reference.
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assessment was actually performed. This was true even for the subset of patients whose chemotherapy was delayed
due to radiation.

1. Missing data

Item non-response was infrequent in this study. Six of 900 questionnaires were missing some part (more than half
of any subscale) of the FACT-B, and just 3 of 900 were missing more than half of the SF-36 vitality scale. For the
FACT-B subscales and symptom checklist, when an individual item in a scale was missing, the average of other

items in the scale was imputed. The SF-36 vitality scale was considered missing if more than two of the four items
were missing,

Missing questionnaires were a more frequent occurrence. The statistical analyses described in this report rely on the
assumption that the missing questionnaires were missing at random, that is, that patients did not miss an assessment
for reasons related to their quality of life. This assumption was tested in several ways. First, the proportion of
missing data over time was compared graphically between treatment groups. Second, a t-tests were performed to
compare quality of life scores preceding a missed assessment and quality of life scores preceding a completed
assessment. For each item or scale considered the t-tests were performed separately at each time point and within
chemotherapy groups. Third, a statistical test (Little 1988) was performed for several of the instruments and items
to determine whether the missing scores could be considered missing completely at random (MCAR, Little, 1987).
This was performed for each chemotherapy group separately, since patients in each chemotherapy group followed a

different assessment schedule. Due to the small sample size, only the first four time points were included in the
analysis.

2. Overall quality of life: Area under the curve (AUC) analysis

The overall comparison of quality of life between the chemotherapy treatment arms was performed with an area
under the curve (AUC) analysis. For a given quality of life scale, this was accomplished in two stages. The first

stage is the imputation of missing values. The second stage is the computation and comparison of the areas under
the quality of life curves.

The imputation of missing values was performed with repeated measures modeling. Models were estimated for each
treatment group separately, including the week of assessment as a factor. This modeling was performed using all
available data and all assessment time points. Type of surgery, tamoxifen treatment arm and age were included as

predictors in the models. Imputation was then performed by replacing missing values with patient-specific
predictions from the models.

The area under the curves was computed for patients whose assessments were performed at baseline, at least once
during treatment, and at least once subsequent to treatment. There were 57 such patients in the AC arm and 45 in
the CMF arm. Patients with fewer assessments were not included in the second stage of this analysis. In addition,
the area was computed only up to the 9-month assessment time point because the rate of missing data was
substantial at one year. The AUC was corrected for the baseline score so that a negative AUC value indicates that a
patient’s scores were lower on average than her baseline score.

Finally, the area under the curve was compared between treatment arm using analysis of variance (ANOVA) with
factors for chemotherapy arm; clinical tumor size; age; tamoxifen arm; type of surgery; the interaction between
chemotherapy arm and tamoxifen arm; and the interaction between chemotherapy arm and type of surgery.

3. Quality of life during treatment

In order to compare the time course and average levels of quality of life between the two chemotherapy arms during
treatment, repeated measures analyses were performed.

The first set of repeated measures analyses were performed to 1) identify the best statistical model for the
relationship between quality of life scores and time during weeks 3-20 and 2) determine whether the shape of the
quality of life curves were different between treatment arms during weeks 3-20. The effect of time was modeled
with a quadratic or linear polynomial. (For each quality of life scale, the best-fitting model for the time effect was
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selected from among polynomials and regression spline models*). The fixed effects in the model were.
chemotherapy arm, age, baseline quality of life, tamoxifen treatment arm, tumor size (less than or equal fo 2 cm
versus greater than 2 cm) and type of surgery (mastectomy or lumpectomy) as well as the interactions between
chemotherapy treatment arm and time and between chemotherapy arm and type of surgery. The significance of the
fixed effects was tested using maximum likelihood methods.

Repeated measures modeling was also used to compare the overall level of during treatment only (weeks 4-20 for
CMF patients, weeks 3-9 for AC patients). The fixed effects in the model were chemotherapy arm, age (at most 50
versus over 50 years old), baseline quality of life, tamoxifen treatment arm, tumor size (less than or equal to 2 cm

versus greater than 2 cm) and type of surgery (mastectomy or lumpectomy). The significance of the fixed effects
was tested using maximum likelihood methods.

4. Recovery to baseline

The rate of recovery to baseline one year after randomization was compared between the two chemotherapy
treatment arms. Recovery to baseline is defined as having a quality of life score that is at least as favorable as the
score at baseline. Patients were classified by treatment arm and recovery to baseline. The comparison between
treatment arms was then performed with Fisher exact tests.

5. Individual symptoms

The scores for each of the 17 symptoms from the symptom checklist and seven symptom-related items from the
FACT-B, was dichotomized at each assessment time point by whether the severity was reported as “not at all”.
Symptoms were each then compared across chemotherapy treatment arm in a logistic repeated measures model,
controlling for the baseline presence of the symptom, tamoxifen treatment arm, age (greater or less than age 50),
type of primary surgery (mastectomy versus lumpectomy) and clinical tumor size (less than or equal to 2 cm versus
greater than 2 cm). P-values were compared against a Bonferroni-corrected significance level of 0.002 (0.05/24).

RESULTS
Missing data

There was no statistical evidence that missing data would bias the comparisons across
chemotherapy treatment arm. Figure XX displays the percentage of completed questionnaires
(of those expected) at each assessment time point for each chemotherapy treatment group. The
rate of missing questionnaires is approximately equivalent between the chemotherapy treatment
groups.

There was no difference in the mean of quality of life items (for any of the seven instruments and
additional items in the questionnaire) preceding a missed assessment and the mean of quality of
life items preceding a completed assessment. Of the 95 comparisons (one for each instrument, at
each relevant time point and for each chemotherapy group), three were significant at the 0.05

level (fewer than would be expected by chance alone), and none was significant at 0.05/95, the
Bonferroni-corrected significance level.

The tests of Little (1988) were applied to the FACT-B, symptom checklist total score, SF-36
vitality scale, overall HRQOL linear rating scale, and resumption of normal activities item.
These tests revealed no statistically significant evidence against the assumption that missing
questionnaires are missing completely at random (all p-values were greater than 0.1).
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Overall quality of life

There was no difference between chemotherapy treatments or tamoxifen versus placebo in terms
of the area under the quality of life curves for the first nine months of the study for any of the
following instruments or individual items: FACT-B, SF-36 vitality scale, symptom checklist
(average of non-missing items), overall HRQOL linear rating scale and resumption of normal
activities scale. There was also no difference between tamoxifen and placebo, and no significant
effect of stratification variables on these endpoints.

Quality of life during treatment

Quality of life “during treatment” analyses were performed in two ways. The first analyses
include the time period in which at least some patients were on therapy (weeks 3-20), to compare
the experience of patients during a comparable time frame. This would potentially allow any
improvements in quality of life after the completion of AC to balance more severe quality of life
decrements during AC treatment. Both the time course of quality of life and the average level
were compared during the week 3-20 time frame. The second comparison included only
assessments performed during therapy for each treatment arm (weeks 4-20 for CMF patients, 3-9
for AC patients). As discussed above, “week” reflects the course of therapy at the time of the
assessment rather than calendar time, so that “week 20” refers to the assessment that was
performed on day 1 of cycle 6 for a CMF patient, regardless of whether there had been treatment
delays. All analyses were performed for the FACT-B scale, the SF-36 vitality scale, the

symptom checklist scale, the return to normal activity scale, and the overall HRQOL linear rating
scale.

Boxplots of the FACT-B scores of patients in each chemotherapy arm at assessment points
during weeks 3-20 are shown in Figure WW. The chemotherapy arm did not affect either the
average level of the FACT-B score or the shape of the time course of the FACT-B during the

weeks 3-20, nor the average level of the assessments during treatment (weeks 4-20 for CMF, 3-9
for AC).

Figure SSS shows the boxplots of the SF-36 vitality scores of patients in each chemotherapy arm
at assessment points during weeks 3-20. The time course of the SF-36 vitality scores were
significantly different during weeks 3-20 (p<0.0001). The largest difference between treatment
arms is during weeks 5-10, with median CMF scores up to 10 points higher (on a scale of 0-100,
where higher scores indicate greater vitality). The average level of the SF-36 vitality score was

not significantly different between treatment arms during weeks 3-20, nor was it significantly
different during treatment.

The time course of the symptom checklist scale was also significantly different (data not shown;
p<0.0001), with symptoms remaining more constant in the CMF arm while they rose during
weeks 6-9 and subsequently fell for patients in the AC arm. However, the differences between
median scores were very small (approximately 0.1 on a scale of 0-4) throughout weeks 3-20. In

addition, the average level of symptoms was not different between AC and CMF patients either
during weeks 3-20 or during treatment only.
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There were no significant differences between chemotherapy treatment arms in terms of the time
course of the “return to normal activities” item, its average level during weeks 3-20, or its
average level during treatment (data not shown).

The time course of the health-related linear rating scale was marginally significantly different
between chemotherapy treatment arms (data not shown; p=0.046) with scores remaining more
constant in the CMF arm while they fell during weeks 6-9 (indicating decreasing quality of life)
and subsequently rose for patients in the AC arm. The differences between mean scores were
moderate throughout weeks 3-20, with the AC arm at most 0.4 points higher on a scale of 0-10.
In addition, the average level of the scores was not different between AC and CMF patients
either during weeks 3-20 or during treatment only.

The baseline quality of life was a highly significant predictor of the subsequent quality of life
scores for all the quality of life endpoints tested (FACT-B, SF-36 vitality scale, symptom
checklist, return to normal activity, and HRQOL linear rating scale). Quality of life significantly
diminished during treatment in both chemotherapy treatment groups (p<0.0001) for all endpoints
except the resumption of normal activity scale (p=0.3). Tamoxifen arm, surgery (mastectomy
versus lumpectomy), tumor size and age (whether included as a continuous covariate or as a
binary factor, at most 50 versus over 50 years old) did not significantly affect any of the quality
of life scales during weeks 3-20 or during treatment only.

Recovery to baseline

The comparisons of the proportion of participants who recovered baseline levels of quality of life
(for all seven instruments and items) are shown in Table YY. There is a slight suggestion that
more patients on CMF recovered on the FACT-B scale and on the overall HRQOL linear rating

scale at one year after randomization, but there is no significant difference between treatment
arms.

Symptoms

For each symptom, the odds ratios for chemotherapy are shown in F igure ZZ. Based on a
Bonferroni-corrected significance level criterion (0.002), only diarrhea and bladder problems
were significantly different between treatment arms. All were greater in the CMF arm, with
odds ratios of 3.8 for diarrhea (p-value 0.0001) and 4.2 for bladder problems (p-value 0.0002).
There was also a significant decrease in diarrhea incidence among tamoxifen patients as

compared to placebo (odds ratio 0.32, p-value 0.0007). The stratification variables did not
significantly affect the symptoms.

DISCUSSION

The major differences between chemotherapy treatment groups were that AC patients
experienced a greater increase in fatigue and loss of energy during chemotherapy, and a steeper
recovery after chemotherapy, while CMF patients experienced more diarrhea and bladder
problems. These results were consistent with expectations based on previous experience with the
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agents. Severe diarrhea (grades 3-4) was also monitored by the institutions in B-23. They
reported rates about 1% higher in the CMF treatment group, which is consistent with --although

much smaller than-- the difference seen in the Quality of Life study (odds ratio of 3.8 for being
bothered at least "a little bit").

The Quality of Life study did not find a significant difference in self-reported nausea between
treatment arms. While CMF was expected to cause more nausea, the results from the parent B-
32 protocol suggest that nausea was also better controlled by medication in the CMF group.
Nearly all patients in the CMF arm of the parent Protocol B-23 used medication to control
nausea throughout each 14-day course of therapy, whereas patients in the AC arm used such
therapy for only 3 days after each course but reported nausea (grade 3) 2-4% more often (Fisher,
2001). The use of medication may explain why patients treated with CMF did not report nausea
on the QOL questionnaire significantly more often than AC patients. The same results were seen
for vomiting. Alopecia was also reported in the parent study at a much higher rate among AC
patients (about 80% versus about 40% among CMF patients). Patient self-reported rates were
higher than institution-reported rates in both arms. For example, at the beginning of cycle 2,
95% of AC patients and 71% of CMF patients were bothered by hair loss. At cycles 3 and 4 the
rate among AC patients had decreased to 85% and then 77%, whereas the rate among CMF
patients was 78-79% at the start of cycles 3 and 4. Therefore, the rates based on self-report were

more comparable than it would appear based on the institutional reporting, and large differences
between the groups are short-term.

The self-reported rates of diarrhea were elevated among placebo as compared to tamoxifen
patients, a result that is inconsistent with institution-reported rates (which showed about 1%
increase in tamoxifen patients). Unpublished data from the NSABP Breast Cancer Prevention
Trial (BCPT) indicate that tamoxifen-treated patients may indeed experience a decrease in
diarrhea as compared to placebo patients, according to both self-report and institution-report.
The effect sizes in the BCPT were not as large as seen in B-23 self-report, however, so the
magnitude of effect reported here (odds ratio 0.32) should be viewed with caution.

While no previous studies were found that compared quality of life in CMF- and AC-treated
patients, several previous studies have evaluated the quality of life of breast cancer patients
receiving adjuvant CMF. However, these studies either addressed long-term effects of CMF
treatment (Joly, 2000) or were performed in node-positive patients. The B-23 study addresses
quality of life effects during and immediately after chemotherapy in node-negative patients.

The studies of CMF in node-positive patients included two studies conducted by the IBCSG
(Hurny, 1996). The first study was for pre-menopausal and peri-menopausal patients (n=1158 for
quality of life evaluation), and the second was for post-menopausal patients (n=940 for quality of
life evaluation). Both studies compared different regimens of CMF; the second study included a
tamoxifen-only treatment arm. Quality of life was evaluated with individual items for physical
well-being, mood, appetite, perceived adjustment/coping, as well as a checklist for emotional
well-being, the Befindlichkeits-Skala. Assessments were performed before treatment, 2 months
after the start of treatment, and every 3 months for 2 years (and after recurrence). They found
that all treatment groups in both studies revealed a substantial improvement in quality of life
when nearing the completion of treatment, and an even larger improvement after treatment.
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Interestingly, patients appeared to suffer a reduced quality of life due to the anticipation of future
chemotherapy (compared to similarly-treated patients who were not scheduled for further
treatment). In particular, the QOL scores at 3 months of patients assigned to 3 months of CMF
were better than those of patients assigned to 6 months of CMF. This might suggest that patients
in the B-23 study who were assigned AC would experience improved QOL near the end of
treatment as compared with patients on CMF, for whom treatment is scheduled to last an
additional 12 weeks. This is not directly testable in Protocol B-23 because there was no
assessment performed immediately after the completion of chemotherapy.

The "ZEBRA" study, a collaboration between Zeneca Pharmaceuticals, the German Breast
Cancer Group and the University of Freiberg, also studied the quality of life of node-positive
breast cancer patients (Jonat, 1998). The study compared CMF to goserelin in 1466 pre/peri-

menopausal node positive stage II patients. The results of the ZEBRA study have not been
reported at the time of this manuscript preparation.

In this report we conclude that, with the exception of a few specific symptoms and the time
course of the SF-36 vitality scale, quality of life did not differ between chemotherapy treatment
arms. The conclusions are complicated by several factors. First, the timing of chemotherapy
cycles and quality of life administration was different between the two regimens. In addition, the
treatment schedules were different for patients who underwent lumpectomies: in the CMF arm,
chemotherapy was delayed during radiotherapy, while in the AC arm, radiotherapy was
performed after chemotherapy. Many comparisons are possible, but one study can address only
a few. Nonetheless, it is our belief that the comparisons described in this report are sufficiently
comprehensive, especially in light of the resounding non-significance of most of the statistical
tests performed, to justify the conclusion that no substantial differences in quality of life were
apparent in the B-23 protocol. This conclusion might also appear to have been compromised by
a loss of statistical power due to the early stopping of the trial and the high rate of non-
compliance. However, the sample size achieved (57 in the AC arm and 45 in the CMF arm
included in the primary AUC analysis) was adequate to rule out a moderate difference in the
primary outcome (effect size 0.56) with 80% power.

The Canadian Medical Association Steering Committee on Clinical Practice Guidelines for the
Care and Treatment of Breast Cancer wrote® that both AC and CMF are acceptable regimens,
and the choice between them should partly depend on quality of life considerations. Protocol B-
23 indicates that the choice may be based on practical considerations and patient or physician

preferences, without concern for severe disadvantages in terms of quality of life with either
regimen.
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FIGURE LEGENDS

Figure XX. The proportion of completed questionnaires (of those expected) at each assessment
time point for each chemotherapy treatment group. The line through the center of each
boxplot is the median value, and the upper and lower ends are at the 25" and 75™
percentiles, respectively. Solid and dashed lines connect the medians for the AC and

CMF groups, respectively. The proportions are approximately the same between
treatment groups.

Figure WW. Boxplots of the FACT-B scores at each assessment time point for each
chemotherapy treatment arm. There is no difference in scores between
chemotherapy treatments. For comparison, the mean FACT-B score among breast
cancer patients (all stages) in a validation study was 112.8 (Brady, 1997).

Figure SSS. Boxplots of the SF-36 vitality score at each assessment time point for each
chemotherapy treatment arm. AC patients experienced a larger drop in vitality
during treatment, and a steeper increase after the conclusion of treatment.

Figure ZZ. The odds ratios for the effects of chemotherapy on each symptom of the symptom
checklist and 7 symptoms from the FACT-B, shown with 99.8% confidence
intervals (adjusted for multiple comparisons). Values greater than 1 indicate an
increase in the odds of the symptom for patients on CMF therapy. Only diarrhea
and bladder problems were significantly different, with CMF patients experiencing
a greater frequency of these symptoms.
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‘ Abstract ,
The results of an adherence monitoring substudy are presented from the The National
Surgical Adjuvant Breast and Bowel Project’s (NSABP) Breast Cancer Prevention Trial
(BCPT). The BCPT was a large, multicenter chemoprevention trial in which women at high-
risk for breast cancer were given a daily dose of 20mg of tamoxifen or a placebo. Ninety-
seven participants from four collaborating centers were followed for six months using three
separate methods of adherence monitoring: self-reports, pill counts, and pill caps containing a
microelectronic monitoring device. We found acceptable levels of compliance to the daily
medication schedule in 90-94% of the study participants and high levels of agreement across
all three methods of monitoring medication adherence. We conclude by reviewing certain key

aspects of research design and treatment agents that make microelectronic monitoring more
or less useful and cost effective in clinical trials.

key words: adherence, compliance, prevention, breast cancer, electronic monitoring
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intr&ductlcn

The National Surgical Ad;uvant Breast and Bowel Project’'s (NSABP) P-1 Study, the Breast
Cancer Prevention Trial (BCPT), was designed to test the efficacy of the antiestrogen drug
tamoxifen in preventing breast cancer, fractures and coronary heart disease in healthy women
at high-risk for breast cancer. This study was conducted with funds primarily from the
National Cancer Institute (NCI), assisted by support from the National Heart, Lung and Blood
Institute and the National Institute of Arthritis and Musculoskeletal and Skin Diseases. The P-
1 study evolved from a series of studies demonstrating the efficacy of tamoxifen in the
prevention of breast cancer systemic recurrence (1-4) and the reduction of contralateral breast
cancers in women with early stage breast cancer (1,3,5,6). Other studies demonstrated the
benefits of tamoxifen in the lowering of serum cholesterol and increasing bone mineral denszty
in postmenopausal women with breast cancer (7-12) and in the reduction in cardiac events in
women with early-stage breast cancer (13).
The P-1 study was a randomized, placebo controlied trial. It was carried out at 119 nucleus
clinical centers in the United States and Canada. P-1 recruitment was completed in
September 1997 and consisted of 13,388 high-risk women, aged 35-80 years-old, who were
randomized to tamoxifen (20 mg per day) or placebo and were scheduled to continue their
assigned treatment for 5 years. All participants were to be evaluated at 3 and 6 months
during their first year in the study, at six month intervals during the remaining 4 years, and
then annually through their seventh year on study.
The findings of the P-1 study were disclosed early (Spring 1998) and participants were notified
of their treatment status. Initial findings (14) showed a 49% reduction in the occurrence of
invasive breast cancer and a 50% reduction in noninvasive breast cancers among high-risk
women. Tamoxifen did not alter the average annual rate of ischemic heart disease; however,
a reduction in hip, radius (Colles’) and spine fractures was observed. The rate of endometrial
cancer (RR=2.53) and rates of stroke, pulmonary embolism, and deep-vein thrombosis were
elevated in the tamoxifen group. Women taking tamoxifen also reported an increased

frequency of vasomotor and gynecological symptoms and problems of sexual functioning
(15 16)

At an early point in the P-1 study, concern was expressed about potential nonadherence to
therapy as a threat to the integrity of the trial and the ability to establish the true
- chemopreventive efficacy of tamoxifen for reduction in the rates of invasive breast cancer,
myocardial infarction and bone fractures in high-risk women. Since this was the first study
testing tamoxifen in healthy, high-risk women, there was a lack of information about rates of
‘tamoxifen adherence in a preventive framework. It was known that adherence to medical
treatment represents a significant problem in a variety of diseases and could result in
reductions in statistical power serious enough to affect the evaluation of trial data (17). A
clinical report by Waterhouse (18) suggested relatively high levels of adherence to tamoxifen
therapy within a treatment context. Similarly, unpublished pill count and self-report data from
the NSABP B-14 study indicated a re%atnvely ow (10-15%) rate of nonadherence in a group of
women treated with tamoxifen for primary breast cancer. However, it was argued that the
motivation for adherence in treatment versus chemopreventive settings was likely to be quite
different. In the chemopreventive setting people are asked to change their routine behavior
for intangible and uncertain future benefits. Concern was expressed that, within a
chemopreventive context, even mild side-effects, including the perceived side-effects of
placebos, may be sufficient to trigger nonadherence in the well person (15).
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Active and placebo treatments used in the P-1 study were distributed in bottles containing a 3-
month supply of two hundred 10 mg tablets. Women were provided with two bottles of tablets
to cover the period between 6-month follow-up visits. Pill counts and staff assessments based
on participant self-reports were built into the P-1 study to estimate treatment adherence. It
was known, however, that these techniques of monitoring adherence often tend to
underestimate the problems in adherence when they occur, and are usually unable to provide
detailed data about the pattern of nonadherence (19). A number of studies in the literature
suggested that electronic monitoring of presumptive dosing, which "time stamps" each
opening of the pill bottle, provides a more reliable measure of presumed adherence (20-24).
However, there was concern about the cost and feasibility of electronic monitoring in a large,
multicenter trial. To address these concerns, we designed a four institution substudy to
compare three methods of adherence monitoring in the P-1 study: self-report, pill count, and
electronic monitoring. The objectives of the substudy were threefold: to test the feasibility and
cost-effectiveness of using an electronic monitoring device to measure medication adherence
in P-1 study participants; to estimate medication adherence rates for a series of P-1
participants using electronic monitoring data; and, to compare the estimated adherence rates

derived from electronic monitoring data to the data obtained from pill counts and participant
self-reports. '

Study Design and Materials

Subjects - A cohort of 97 women, from four collaborating P-1 institutions (Rush-Presbyterian,
UCLA, Fox Chase, Georgetown), participated in the substudy (Table 1). Consecutive P-1
study participants were selected for the study without knowledge of their treatment status
(tamoxifen or placebo). IRB committees in each of the collaborating centers approved the
substudy. Participants were aware that they were taking part in an adherence monitoring
project and signed a separate informed consent. The women were followed-up for adherence
using all three methods of monitoring at 3 and 6 months.

Procedures - The Aprex Corporation provided the medication event monitors, software and
cap reader used in the research (18,24). Monitor reading was carried out centrally at Rush
Presbyterian St. Lukes Hospital in Chicago. A small number of monitors were held in reserve
by the centers. This permitted monitors returned on follow-up to be express mailed to Chicago
for computerized reading. Replacement monitors were immediately returned to the
collaborating centers by express mail. Data from monitor readings were sent to the University
of Pittsburgh where they were cleaned and transferred to a database. Data on pill counts and

participant self-reports were obtained from the NSABP Data Center and included in the same
study database.

Substudy data required extensive summarization prior to analysis. Pill counts were collected
on the Treatment Follow-Up Form (TFUF). This required center staff to determine the
expected number of pills taken based on start and end dates of the medication period and
then to determine whether the number of tablets in the bottle was less than, greater than or
equal to the expected number of tablets. Patient self-reports were collected on the Adherence
Follow-Up Form (AFUF). This form asked the center staff to interview participants regarding
their treatment adherence over the 4 preceding weeks at each follow-up examination, then
report on items such as percentage of tablets taken, overall pattern of adherence, and the
primary adherence problems of the participant. Different center staff usually completed the
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TFUF and AFUF. The output from the electronic monitor provided the dates of the period of
observation, a count of the total number of cap openings and daily count of cap openings, the

specific time that the cap was opened and closed and the elapsed time since the cap was last
opened. ‘

For the purpose of comparing the three adherence monitoring methods, each dosing cycle
was set to the longest comprehensive period recorded by any one of the techniques. Prior to
the initiation of the trial, clinical estimates derived from what was known about the
pharmacokinetics of tamoxifen suggested >75% adherence (i.e., taking tamoxifen an average
of 3 of 4 days) would probably be sufficient to maintain adequate medication levels once a
therapeutic blood level had been achieved. Therefore, the data from each information source
were converted for primary analysis into a binary adherence scale that rated the participant's
adherence at each follow-up as “sufficient” (100+% to 76% of drug taken) or “insufficient”
(75% to 0%). Only the AFUF formulated its adherence estimates in precisely this manner.
The TFUF simply provided an estimate of the number of pills missed over a dosing cycle. For
this analysis, it was assumed that pill misses occurred in a random fashion across the dosing
cycle. This assumption was generally confirmed by studying a small series of non-adherent
participants using data from the monitor output. The monitor data provide a record of cap
openings, but cannot assure that the medication was actually ingested. Study participants
were asked to take two (10mg) pills daily. That meant that a single opening could reflect
either a full (20mg) or a half (10mg) dose. This type of participant-initiated dose reduction was
reported in the P-1 study, usually by participants who suspected that the medication was
causing uncomfortable side-effects. Similarly, two cap openings could imply an inadvertent

overdose or it could be the result from the participant taking half the prescribed medication at
two different times during the day. ‘

Statistical Methods - Comparisons of continuous variables were carried out using one and
two-way ANOVAs or Kruskal-Wallis and Friedman tests depending upon whether data ,
distributions were approximately normal or not. Tests of proportions were carried out using a
chi-square statistic; an exact test was substituted when expected cell values were very small
Data reduction carried out on questionnaire items made it possible to use a kappa statistic
(25) to calculate final reliabilities between the monitoring systems.

Results

A total of 14,506 participant days were assessed with electronic monitors, 7962 days in

participant months 1-3 and 6544 days in participant months 4-6. At the 3 and 6 month follow-

up examinations, 7% of the days monitored had 0 cap openings, 91% had 1 cap opening, and

2% had two cap openings. Only 10 of the 14,506 days monitored over the 6 months of the

- study had three or more cap openings. Table 2 presents a summary of the participant days of
data collected by center. There were no statistically significant differences in the mean or

median days monitored between the collaborating centers for either time period.

Forty-seven of the participants were assigned to the tamoxifen arm of the trial and 50 to

placebo. There were no statistically significant differences in the proportion of participants

- assigned to each trial arm across the collaborating centers (Table 3). Of the three monitoring
techniques, the pill count data were the most complete, followed by the self-report and the

electronic monitoring data (Table 4). Missing data points for the electronic monitoring
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technique were clustered at the six month follow-up and occurred with a significantly greater
frequency in two of the collaborating centers (Table 2 and 4). With regard to the 18 missing
data points, at least 6 were due to an electronic malfunction, resulting in an estimated monitor
failure rate of 3.1%. Another 3 missing data points were due to participants who insisted on
transferring the tablets out of the bottle and the remaining 9 were the result of unexplained
circumstances. Eleven (61%) of the 18 women with missing electronic monitoring data points
were assigned to the tamoxifen arm of the trial; however, this association is not of sufficient

1

* magnitude to reach statistical significance (X3 1df = 1.418, p=0.234).

In the P-1 study, participants remained eligible for follow-up whether or not they were taking

- their assigned treatment. In order to be considered “off trial” and, therefore, lost to follow-up, it
was necessary for a participant to formally withdraw their consent to take part in the study.

None of the participants in the adherence study were off study through the 6 month follow-up

examination, although, at least 7 participants, 4 in the tamoxifen and 3 in the placebo arm,
were known to be off treatment.

Table 5 shows that all three monitoring techniques agreed that overall adherence rates were
high for the women participating in the P-1 study. There were no statistically significant
differences between the centers with regard to the overall adherence rates provided by
different monitoring techniques. " ‘ '

Table 6 displays the absolute percentages and kappa statistics for the agreement between the
three monitoring techniques at the 3 and 6 month follow-up points. No statistically significant
differences were found between individual centers with regard to absolute percentage
agreement or kappa statistics at the three or six month follow-up examinations. Treatment

- status (tamoxifen or placebo) was not associated with levels of agreement between the three
monitoring agreements. '

Discussion

This is the first report of adherence to a chemopreventive agent in a large scale, North
American multicenter cancer prevention trial. Our essential motivation was to obtain practical,
comparative experience with electronic monitoring devices and to determine the extent to
which other techniques were comparable and adequate in specified settings. Despite the
weaknesses of the present study, such as the small cohort size and our inability to continue

monitoring beyond the earliest dose cycles, certain definite conclusions emerge from this
work. ~

First, concern was expressed that the introduction of a side-effect producing drug like
tamoxifen among a cohort of otherwise healthy, high-risk women might carry significant risk of
nonadherence. In fact, during the first six months of treatment, overall compliance in both
treatment arms appeared to be quite good, ranging from 90-94%, depending upon the method
of monitoring used, in spite of the fact that tamoxifen-related side-effects (e.g., vasomotor and
gynecological symptoms) had already surfaced (16). These data suggest, on a short-term
basis at least, that acceptable adherence to a daily pill dosing regimen can be expected from
motivated individuals at risk for a serious disease. It should be noted that the participants in
this substudy were early trial entrants, who were both younger and at higher risk than the final
P-1 study cohort. However, the proportion of participants known to be off treatment (.0722,
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95%Cl: 029-.143) at the time of the six-month follow-up does not differ from expected levels
for the overall P-1 study cohort (15,16). Concern has also been expressed that the
participants’ knowledge that they were taking part in an adherence substudy may have
increased their overall levels of medication compliance. However, all of the women taking part
in the P-1 study were regularly questioned about their medication-taking behavior and were
asked to return unused study tablets to their local clinical staff. To this extent, all of the

women participating in the P-1 study were equally aware that they were being regularly
’ monltcred for medication adherence.

Second, high levels of overall agreement were observed between all three methods of
adherence monitoring. In other words, the electronic monitors were not contributing
information that could not be obtained from other, more traditional techniques. In terms of
expense, the electronic monitors, like pill counts and self-reports, required the commitment of
professional staff resources for the collection, reading and processing of the data. In addition,
estimates provided by company representatives in March, 1993 indicated that a larger
adherence substudy using electronic monitors in 10 collaborating centers with a total of 1000
;:sarticipants would cost a minimum of $160,000 per year for monitors, cap readers and
software. Implementation of electronic monitoring at that time for the anticipated P-1 cohort of
116,000 women would have cost a minimum of $2.1 million per year or approximately $14

- million over the projected life of the trial. At the same time, it should be noted that the cost of
electronic monitoring has been substantially reduced over the last 18 months (personal
communication, Dr. John Urquhart, Chief Scientist, AARDEX Ltd/APREX Corp).

Third, our experience also suggests that there are certain important aspects of research
design and the treatment agent that make electronic monitoring systems more or less useful
and cost effective for clinical trials. We recommend that any investigator who is considering

the use of a electronic monitoring system carefully review the following aspects of the
proposed trial:

a. The pharmacokinetic characteristics of the medication being tested. One of the
virtues of tamoxifen as a preventative agent is that therapeutic levels, once
established, can be maintained over time under a relatively flexible dosing routine.
This may be contrasted with medications having a relatively short half-life and
requiring a rigid dose schedule in order to maintain therapeutic levels in the blood.
From a statistical point of view, the issue with regard to the two types of medications is
the likelihood of losing sufficient power to reject the null hypothesis. Clearly, there is a
greater likelihood of losing statistical power when a trial involves the latter as
compared to the former type of medication. Hence, the more rigid the required dosing
schedule for the experimental agent, the greater the importance of adherence

monitoring and the value of implementing multiple monitoring techmques perhaps,
including microelectronic devices.

b. The physical characteristics of the agent being tested and pill distribution
system. In the P-1 study, participants were asked to take two 10 mg tablets daily. As
a consequence, one reported cap opening could represent either a 100% or 50%
dose and two cap openings might represent a 100% dose or an unknown level of
over-medication. This meant that none of the three monitoring techniques used in the
study could be considered a “gold standard” for the others. In addition, a small but not
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. '~ insignificant number of our participants developed their own techniques for insuring
' adherence that involved removing the pills from the P-1 study bottle and placing them
in other containers (e.g., daily medication boxes). Finally, the tamoxifen pills used in
the P-1 study were distributed after the six month follow-up in two 200 tablet bottles
lasting three months each. From a cost perspective, this meant that each participant
required two electronic monitors between follow-up examinations. The only

alternative would be to ask the participants to transfer the electronic monitor from the
first to the second pill bottle. ;

c. The fundamental objectives of the clinical trial. A clinical trial may be narrowly
focused on issues of biological efficacy or it may be concerned with issues of
biological efficacy within the practical context of treatment delivery and client
adherence. In the former type of trial active interventions to support the participants’
adherence make good methodological sense and electronic monitoring systems can
play an important role. The electronic monitoring method, for example, produces an
abundance of information that can be directly shared with the trial participant in order
to reinforce acceptable adherence or to develop strategies designed to overcome less
than adequate adherence. In contrast, large scale chemoprevention trials like the P-1
study take a more passive attitude towards adherence monitoring and are interested

~ in testing whether a particular agent is effective within the practical, real world context
of the dosing behavior exhibited by high-risk, but otherwise healthy, women living in
the general population. This attitude recognizes that the relatively passive adherence
monitoring experienced by trial participants is likely to be far more active than the
routine levels of monitoring that will be exercised if the agent is approved for general
use. In this context, the electronic monitoring system tends to provide an overload of
information which is often ignored or grossly simplified.

In summary, our experience suggests that electronic monitoring systems are not necessarily
an optimal technique for adherence monitoring in large-scale chemoprevention trials like the
P-1 study. Instead, electronic monitoring systems appear best suited for more intensive, small
scale clinical trials that are focused primarily on issues of biological efficacy and are able to
implement active forms of adherence monitoring and participant support.
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Table 1

Descriptive Characteristics by Collaborating Center of the
BCPT Participants Recruited for the Adherence Substudy

Variable Collaborating Center Totals
1 2 3 4
Cohort Size 25 22 24 26 97
Age ‘
35-49 yrs 9 (36%) 10 (45%) 13 (54%) 11 (42%) 43 (44%)
50-59 yrs 7 (28%) 9 (41%) 9 (38%) 14 (54%) 39 (40%)
60+ yrs 9 (36%) 3 (14%) 2 (8%) 1 (4%) 15 (16%)
Ethnicity
White 25 (100%) | 22(100%) | 23 (96%) 25 (96%) 95 (98%)
Black 0 0 1 (4%) 0 1(1%)
Other 0 0 0 1 (4%) 1(1%)
Relative Risk :
<2.0 2 (7%) 2 (9%) 0 0 4 (5%)
2.01-3.00 4 (15%) 0 2 (8%) 4 (15%) 10 (10%)
3.01-5.00 7 (30%) 11 (50%) 7 (29%) 14 (54%) 39 (40%)
5.01-10.00 8 (33%) 5(23%) 8 (34%) 6 (23%) 27 (28%)
>10.01 - 4(15%) 4 (18%) 7 (29%) 2 (8%) 17 (17%)

13
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Table 2

Mean and Median Participant Days Electronically Monitored

by Collaborating Center and Time Period

Time Period

and Variable 1 2 3 4 Totals

Months 1-3 |
Complete data 23 22 23 25 93
Missing data 2 0 1 1 4
Mean days 88.4 87.1 89.9 84.9 87.5
SD 16.4 18.9 25 19.3 157
Median days 92 92 90 89 90
Months 3-6
Complete data’ 20 15 23 25 83
Missing data’ 5 7 1 1 14
Mean days 731 87.8 81.8 84.1 81.8
SD 36.3 13.5 25.8 25.6 26.2
Median days 90 91 90 90 90
1. Exact p for 2x4 table = 0.015

> .
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Table 3

Number and Percent of Adherence Study Participants
Assigned to Tamoxifen and Placebo by Collaborating Center

Variable 1 2 3 4 Totals
Tamoxifen 12 (48%) | 10(45%) | 12(50%) | 13 (50%) | 47 (48%)
Placebo 13 (52%) 12 (55%) 12 (50%) 13 (50%) 50 (52%)
Totals 25 (100%) | 22(100%) | 24(100%) 26(100%) 97(100%)
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Table 4
Proportion of Data Completed Using the Pill Counts,
Self-Report and Electronic Monitors by Collaborating Center and Time Period

| Time Period 1 2 3 4 Totals
- and Variable
Months 1-3
Pill Count 100% 100% 100% 100% 100%
(25/25) (22/22) (24/24) (26/26) (97/97)
Self-Report 100% 100% 96% 92% 97%
(25/25) (22/22) (23/24) (24/26) (94/97)
Electronic Monitor - 92% 100% 96% 96% - 96%
(23/25) (22/22) (23/24) (25/26) (93/97)
Months 3-6
Pill Count © 100% 100% 100% 100% 100%
(25/25) (22/22) (24/24) (26/26) (97/97)
Self-Report 100% 100% 100% 100% 100%
(25/25) (22/22) (24/24) (26/26) (97/97)
Electronic Monitor 80% 68% 96% 96% 86%

(20/25) (15/22) (23/24) | (25/26) (83197)
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. ' Table § ,
Proportion of Study Participants Estimated to Show Sufficient Adherence (>75%
of Tablets) by Different Monitoring Techniques, Time Periods and Centers

Time Period 1 2 3 4 Totals
and Variable
Months 1-3
Pill Count 100% 90% 96% 92% 95%
(25/25) (20/22) (23/24) (24/26) (92/97)
Self-Report 100% 95% 96% 92% 96%
(25/25) (21/22) (22/23) (22/24) (90/94)
Electronic Monitor 96% 95% 96% 92% 95%
(22/23) (21/22) (22/23) (23/25) (88/93)
| Months 3-6
Pill Count © 88% 100% 96% 92% 94%
(22/25) (22/22) (23/24) (24/26) (91/97)
Self-Report 84% 95% 88% 92.3% 90%
‘ (21/25) (21/22) (21/24) (24/26) (87/97)
Electronic Monitor 80% 100% 91% 92% 90%
(16/20) (15/15) (21/23) (23/25) (75/83)
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Table 6

Absolute Proportion and Unweighted Kappa Statistics
for Overall Agreement Between Different Adherence
Monitoring Techniques by Time Period

Months 1-3 Months 4-6
Measure of ‘ .
Agreement Electronic Pill Count | Electronic Pill Count
Monitor Monitor
Absolute Proportion of
Agreement
Pill Count .957 nla 975 nl/a
Self-Report .967 989 963 .959
Unweighted Kappa
Pill Count B77 n/a .820 nla
Self-Report .650 .883 .781 .729
P ;.’ 4
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NSABP Symptom Checklist 2

Abstract
Purpose: To conduct scaling and psychometric evaluation on symptom checklist (SCL) data collected

at the baseline (pre-treatment) and 12-month assessments of the first NSABP Breast Cancer Prevention

Trial (P-1).

Patients and Methods: })ata came from responses of 11,064 women recruited into a study of 20 mg
daily tamoxifen versus placebo for the prevention of breast cancer in high risk women. Exploratory
factor analyses were first conducted on a random sample of 4000 women to establish initial factor
structures using iz-month data. Baseline data were then used for confirmatory factor analyses. The
remaining sample was further divided randomly into two data sets. Data on each set were then
grouped by age (35-49, 50-59, and > 60 years) and treatment (tamoxifen and placebo) for both
exploratory and confirmatory factor analyses.

Results: Eight clusters of symptoms were identified and confirmed.

Conclusion:
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Psychometric Assessment of the Symptom "Checklist" from the NSABP Breast Cancer

Prevention Trial (P-1)

This article reports the results of scaling and psychometric evaluation on symptom checklist (SCL)
data from 11,064 women collected at the baseline (pre-treatmmt), 3,6, 12, 24 and 36-month
assessments of the National Surgical Adjuvant Breast and Bowel Project (NSABP) Breast Cancer
Prevention Trial (P-1).! The SCL data are gathered on page 3 of the quality of life questionnaire for

that study. The form has come to be called a “checklist,” because it originated from the

Postmenopausal Estrogen/Progesterone Intervention (PEPI) trial conducted by the National Heart Lung
p@ and Blood Institute (NHLBI). The NHLBI version of the questionnaire was indeed a checklist of

S

éi symptoms, where participants endorsed only their presence or absence. The NSABP modification was
an expanded list of symptoms and a two-part response format in which women first indicate presence
or absence of the symptom, then rate the severity (“bother”) on a five-point scale, where “0”=not at all
and “4”=extremely. This SCL questionnaire has never been subjected to systematic psychometric
7 Do £5”
analysis.(As a result, it remains unclear exactly how to use it in interpreting trial 0utcome) Gﬁ::;'lt al.?
were forced to use a simple summing of endorsed symptoms, diminishing the contribution this scale
can make to outcome reporting on the trial. A systematic approach to scaling will create clinically
meaningful and psychometrically sound subscales that will im;}reve the interpretability and ultimate

value of the SCL data collected on the trial.

PATIENTS AND METHODS

Participants

This report covers the baseline health-related quality of life (HRQL) examination and the first

- 36 months of follow-up data on 11,064 women recruited over 24 moths (June 1, 1992, to May 31,
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1994). Demographic, medical and treatment factors (baseline age in years, hysterectomy, both ovaries
| :emoved, menstrual periods stopped, treatment group),

medical history of angina, heart ‘attack, heart faﬂute, heart murmur, high blood pressure, TIA, stroke,

vascular problems, arthritis, bone fractures, Osteoporosis, gallstones or gallbladder disease, diabetes,

liver disease, thyroid trouble, TB, andv.prior malignancy information were collected.

Symptom Checklist

The NSABP investigators initially reviewed and considered the PEPI trial symptoms provided
by Dr. Sally Shuméker for use in the prevention study. Beginning with a list of symptoms fram the
PEPI trial checklist, additional relevant Symptems were added for comprehensive ccsvefage, Items
were reviewed and approved by a 10-member expert quality of life panel (P.G., and D.C., member). A
total of 42 symptoms were retained in the final questionnaire. The items assess common physical and
psychological symptoms, with a particular emphasis upen’symptoms associated with menopause (e.g.
hot flashes, vaginal dryness) and tamoxifen use (e.g., vaginal discharge). The response format selected
was drawn from the experience of the University of Rochester Community Clinical Oncology Program
(G. Morrow, personal communication).

On the symptom checklist (SCL), women are asked if thesf have encountered any of the 42
listed symptoms. If yes, they further endorse severity (“how much the problem bothered you”) for
each endorsed symptom on a 5-point Likert-type scale (0=Not at all; 1=Slightly; 2=Mo&e:ate£y;
3=Quite a bit; 4%Extremeiy). Th¢ present and severity respénses to each symptom were combined to
create a new 6-point scale for subsequent analyses: 0=No; 1=Yes, Not at all; 2=Yes, Slightly; 3=Yes,

| Moderately; 4=Yes, Quite a bit; 5=Yes, Extremely). In addition, each patient also answers thé Medical

Outcomes Study Short Form-36 (SF-36),’ and the Center for Epidemiologic Studies - Depression Scale

(CES-D)*
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Item Reduction/Scale Construction Analyses

The underlying factor structure of the 42-item SCL data (yes/no and severity) from baseline
(N=11,064) and 12-month follow-up data were investigated via both exploratory and confirmatory

factor analyses for traditional factor analysis for scale construction;
Item response data and scale scores were analyzed using the sample as a whole and separately by the
three different age groups (35-49, 50-59, and > 60 years) and two treatment arms (placebo vs.

- tamoxifen). Figure 1 details the steps taken to derive interpretable symptom clusters.

Insert Figure 1 about here

Briefly,.....

The stability of obtained scale(s)/underlying construct(s) across three different age groups and two
treatment arms were evaluated via conﬁrmatgry factor analyses. After scale construction is completed,
concurrent validity was examined || | using the profile and summary scores of the
SF-36 to define different groups. Heaith status summary scores on the SF-36 will be used after scale
construction being completed to test concurrent validity;

Newly-constructed SCL scale scores will be analyzed for their :esponsiveness to treatment arm
(tamoxifen versus placebo) in an intent-to-treat analysis.

Exploratory Factor Analysis

In the initial scale development stage, a factor analysis technique was employed to explore the

underlying structure of these 42 symptoms. Because the baseline responses were recorded before

administration of any drug, we used the 12-month data for these exploratory analyses. This will
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capitalize on whatever symptom “clustering” occurs as result of taking the drug; yet still allows us to
return to the baseline éafa to check scale performance. Expioratery factor analysis® enabled us to
identify the redundancy in a set of correlated variables and to reduce the set to a smaller number of
derived variables called factors. It is a way of item grouping that allows us to investigate the
underlying structure of a correlation matrix. In exploratory factor analysis, such as was the case in this
study, there are a series of steps to take and decisions to make. Among them are: which extracting
method to use; how many factors to retain; which rotational technique to use; and what criteria to set
for identifying items that mark a factor. These issues are discussed briefly below.

Principal components analysis (PCA),™® is one of the most commonly used procedures. In
PCA, linear combinations of the observed variables are formed. The components are estiméted to
represent the variances of the observed variables. For example, the first principal component accounts
for the Imgest amount of variance, and the second component explains the next largest amount of
variance and is uncorrelated to the first one. Each component has an eigenvalue, which is the amount
of variance accountgd for by the component. To decide the “préper” number of factors for exploratory
factor analysis, one common rule is to retaiﬁ for rotation any eigenvalue (or latent root) greater than
1.0, or Kaiser-Guttman criterion. The number of factors to retain can be further evaluated using
Cattell’s scree test” which plots the incremental variance accounted for by each successive factor to
determine the point at which the explained variance levels out. We will use this scree technique to
expioré multiple optimal factor solutions, as described below.
Factor rotation, orthogonal or oblique, is usually required to find a best (simple structare) solution,
which makes the retained factors more mterpre{ahle and meamngfal Orthogonal rotation usmg the
varimax pracedure in which factors are kept uncorrelated, to produce reasonable simple structure is

most cemmoniy used in exploratory factor analysis. To determine the clusters of items, the items with _
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the highest factor loadings are selected for the scale. Factor loadings are generally considered

meaningful when they exceed .30 or .40. Items with small (below 0.30) factor loadings will be

omitted from the obtained factors.

In summary, tb detect patterns in the correlation matrix among the 42 symptoms, 12-
month responses of the women to the checklist will be analyzed using PCA with orthogonal
rotation to a Varimax criterion. The number of factors and item groupings will be reviewed and
determined by the scree test and factor loadings. These criteria advance how many factors could
be constructed and to which factor the item belongs. Scales will be then constructed for each
distinctive factor, with items selected using the criteria as described above. The SPSS statistical
package will be used to facilitate these steps. Because the sample size is so large (N=11,064),
we can conduct muitipie factor analyses on independent samples. We propose to conduct the
exploratory factor analyses on the sample as a whole and three age groups of patients (35-49; 50-
59; >= 60 years).” Factor structures obtained from separate analysis will be compared. While we
do not expect perfect conformity of item composition between any of the exploratory

comparisons, the comparison with the most consistently matching items will be selected for

further refinement.

Confirmatory Factor Analysis

[To add]

Reconciliation of item composition of scales from two approaches

The primary focus of this study was to determine which items to keep in each factor
analysis-derived scale, after applying both exploratory and confirmatory factor analyses. It

should be noted that the items dropped from the two approaches were studied cérefully later.

They could either be re-added into a scale for conceptual or practical reasons (usually with
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minimal loss to reliability and precision), or they can be set aside and analyzed separately for
clinical inierest.

In summary, the development of the scales began with exploratory factor analyses and
followed by confirmatory factor analyses and then to reconcile the subscale composition. There
was likely to be a good deal of similarities from different analyses and any remaining
inconsistencies can bé evaluated and rectified on conceptual (i.e., clinical) grounds. The

reduction of the SCL data into meaningful and usable components, which was important for its

utmost utility as a clinical and research tool, can optimally be achieved. R

Determining Validity
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All validity analyses were conducted after the initial scaling procedures described in this
proposal being carried out and the specific nature of the subscales being defined. Concurrent
validation will be possible by virtue of the concurrent collection of health status data (Medical
Outcomes Study Sh{prt Form-36),’ and depression symptom data (Center for Epidemiologic
Studies - Depressie;l Scale).* Dr. Richard Day has agreed to assume responsibility for these
- analyses.

Finally, and of most ciiﬂical/public health interest, the longitudinal data will be analyzed

for tamoxifen versus placebo differences in an intent-to-treat analysis using appropriate

multivariate models and handling of missing data. || RN

RESULTS
The results from all the analyses were summarized in Table 1. Eight interpretable cluster of
symptoms were identified with each has 2 or 3 items. [Do we want to create another table to

show these factors with items]

Confirmatory factor analyses on these identified factors showed high goodness-of-fit indexes.

[Say more here and provide statistics]

CONCLUSION
Eight reproducible scales across age groups, treatment arms, and time.

21 of 42 items included.

Additional 21 items require expert input for disposition.
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i

EFA Baseline & 12-month
{first half of sample}

- CFA Baseline & 12-month
(second half of sample)

Figure 1. Sample Selection and Analysis Flow

.EFA 12-month
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